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EDITORIAL 


THIS number of ‘School Science’ opens with the Jawaharlal Nehru Memorial 
Lecture for 1969 delivered by Prof. S. Chandrasekhar. In this lecture, entitled 
Astronomy in Science and in Human Culture Prof Chandrasekhar traces the development 
of astronomy among Babylonians, Greeks and Hindus, and gives us an idea of how 
astronomy has dug back into the history of the universe and taken us nearer to a 
knowledge of how it originated. In the article that follows, Are Waves and Particles 
Fundamentally Different, Chottan Singh discusses how De Broglie’s work has shown 
that waves and particles are not merely closely related to each other but are, in fact, 
different aspects of one and the same thing. 

Three articles in this issue deal with mathematics—two at the junior level, and the 
third at a more advanced level. S.G. Dabhadker (A New Pattern of the Process of 
Division) describes a new and simple process of division for students of classes III and 

IV. while R.C. Sharma describes a simple method of obtaining the Greatest Common 
Divisor with the help of Euclid’s algorithm. The third article gives an interesting dis 
mission and proof of the Cauchy’s Inequality under the feature “Science Abroad”. 

On science teaching, there are a number of articles. In Duration and Content of 
Pre-medical Education, V Ramalingaswamy makes the point that the main purpose 
of a pre-medical course is to develop a love of learning and a discipline of the mind; 
the content of the course is embedded in the framewoik of the natural sciences, 
humanities and the social sciences. W P Kurchania m Study Rooms for Science 
(SiiZiyectj described in great practical detail how relatively mexpeii'ive study rooms 
can be set up in schools foi the different science subjects. Science, he says, requires 
to be taught by the experimental method, and pupils’ activities are essential; 
full-scale laboratories, on the other hand, are very costly to equip and maintain, and 
they also suffer from a number of disadvantages—hence his suggestion for science 
study rooms. 

Two extremely informative articles deal with biology teaching. In Role of Basic 
Research in Biology and New Trends in Biology Teaching, B.M.Johri and S.L Tandon 
discuss how basic researches in biology are important in the teaching of biology at the 
senior level; they say that teaching methods as well as revision of the curriculum should 
go hand m hand with the advancement of knowledge, and discuss the transmission of 
research findings to the schools, encouraging teacheis to undertake research, the use of 
teaching aids, evaluation of students, and the in-service training of teachers In Main 
Principles of the Biology Syllabus for the Middle and Senior High School, S. Doraiswami, 

V. M Galushin and G.R Meyer discuss the syllabus—and its objectives and underlying 
principles—prepared by NCERT and UNESCO expeits for teaching biology as a sepa¬ 
rate subject in middle and senior high schools. 



Two more articles on science teaching must be mentioned here. Under the feature 
“New Trends in Science Education”, two Delhi school teachers, Mrs. Pathrose of the 
Mother’s International School and Miss Lahta Arora of the Government Girls Secondary 
School, SarojiniNagar, describe then experiences m teaching their respective subjects 
(biology and chemistry) as separate subjects to middle classes under the NCERT 
Project. Middle school science teachers will perhaps find these two articles particularly 
stimulating. 

Among the regular features of School Science in this issue, m “Classroom Ex¬ 
periments”, Y.I. Naumov and N.K. Sanyal describe a number of interesting "magic" 
experiments to motivate school children m chemistry, and C. Ramakrishnayya 
describes an improved method foi showing convection currents, while Hy Ruchlis 
gives some simple but interesting experiments with a medicine dropper and a simple 
balance 

Undei “Science Abroad" the main feature IS an interesting account by John Newell 
of the work being done on the various problems involved in vision, at the London 
Institution of Opthalmology. In the “Young Folks Coi ner”, S. A. Balezin and M.C 
Pant narrate, step by step, the developments that led eventually to the making of the 
Periodic Table by Mendeleev. There is also a short biographical sketch of Prof. 
Fred Hoyle, who has recently won the Kalinga prize. In “New Trends for Science 
Education”, the complete programme of the Summer Science Institutes is given. 
“Science Notes”, as usual, contains news of the latest developments in the different 
fields of science. And the highlight of “News and Notes" in this issue is a brief account 
of the Annual Conference of All India Science Teachers Association held in December 
1968 


In conclusion, we trust that leadeis will find this issue of School Science 
richer, both in lange and depth, than earl.er numbers. 


even 



Astronomy in Science 
and in Human 
Culture 

Jawaharlal Nehru Memorial 

Lecture 1969 

Professor S. Chandrasekhar, 
Distinguished Seivice Professor of 
Astrophysics, University of 
Chicago 


TT is hardly necessary for me to say how 
■■■ deeply sensitive, I am to the honour 
of giving this second lecture in this series 
founded in the memory of the most illus¬ 
trious name of mdependent modern India. 
As Pandit Jawaharlal Nehru has written, 
“The roots of an Indian grow deep into the 
ancient soil, and though the future beckons, 
the past holds back.” 

I hope I will be forgiven if I stray for a 
moment from the announced topic of my 
lecture to recall, how forty-one years ago, 
I was one of thousands of students who went 
to greet young Jawaharlal (as we used to call 
him at that time) on his arrival to address the 
National Congress meeting in Madras that 
year. 

I recall also how the dominant feeling in 


all of us at that tune was one of intense pride 
in the men amongst us and m what they in- 
spiied in us Lokamanya Tilak, Mahatma 
Gandhi, Lala Lajpat Rai, Motilal Nehru, 
Jawaharlal Nehru, Sardar Patel, Sarojini 
Naidu, Rabindranath Tagore, Srinivasa 
Ramanujan—names that herald the giants 
that lived amongst us in that pre-dawn era 

The topic I have chosen for this lecture, 
“Astronomy m Science and in Human Cul¬ 
ture,” is so large that I am afraid that what 
I can say on this occasion can at best be a 
collection of incoherent thoughts In the 
first pait of the lecture I shall make some 
general observations on ancient Hindu astro¬ 
nomy, particularly with reference to the way 
it relates Hindu culture to the other cultures 
of antiquity. I am not in any sense a stu¬ 
dent of these matters. My knowledge is 
solely derived from the writings of a dis¬ 
tinguished historian of science. Professor 
Otto Neugebauer, who has kindly helped 
me in preparing this part of my lecture. 

In the second part of the lecture I shall say 
something about the particular role of as¬ 
tronomy in expanding the realm of man’s 
curiosity about his environment. 

One aspect of astronomy is certain: it is the 
only science for which we have a continuous 
record from ancient tunes to the present. 
As Abdul-Qasim Said ibn Ahmad wrote in 
1068 in a book entitled, “The Categories of 
Nations”-. “The category of nations which 
has cultivated the sciences form an elite 
and as essential part of the creation of AUah.” 
And he enumerated eight nations as belong¬ 
ing to this class: “The Hindus, the Persians, 
the Chaldeans, the Hebrews, the Greeks, the 
Romans, the Egyptians, and the Arabs”. 

Chronologically, the interactions between 
the leading civilizations of the ancient world 
are far more complex than this simple enu¬ 
meration suggests. And a study of these 
interactions provides us with the most 
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impressive testimony to man’s abiding 
interest in the universe around him. 

We know today that Babylonian astro¬ 
nomy reached a scientific level only a century 
or two before the beginning of Greek astio- 
nomy in the fourth century B c The deve¬ 
lopment of Hellenistic astronomy, after its 
early beginnings, to its last perfection by 
Ptolemy in 140 a.d is largely unknown. 
Then about three centuries later Indian as¬ 
tronomy, manifestly influenced by Greek 
methods, emerged. This last fact raises the 
question as to the way in which this tians- 
mission of information from Greece to India 
took place. Its answer is made particulaily 
difficult since it implies possible Persian inter¬ 
mediaries Some centuries later, in the ninth 
century, Islamic astronomy appears in¬ 
fluenced by Hindu as well as Hellenistic 
sources. 

While the Greek astronomy rapidly be¬ 
came dominant in the eastern part of the 
Muslim world from Egypt to Persia, the 
methods of Hindu astronomy persisted in 
Western Europe even as late as the fifteenth 
century, as I shall indicate later. 

As far as Babylonian astromony is con¬ 
cerned, we know very little about its earlier 
phases. But it appears that a mathematical 
approach to the prediction of lunar and 
planetary theory was not developed before 
the fifth century b c. • that is to say barely 
prior to the corresponding stage of develop¬ 
ment of Greek astronomy. It is, however, 
generally agreed that the development of 
Babylonian, astronomy took place indepen¬ 
dently of the Greeks. 

An important distinction between the 
Babylonian and the Greek methods is this: 
Babylonian methods are strictly arithmetical 
in character and are not derived from a geo¬ 
metrical model of planetary motion; the 
Greek methods, on the other hand, have 
invariably had a geometric basis. This 


distinction enables us to identify their ia 
fluence in Hindu astronomy 

Let me make a few remarks on Greek as 
tronomy as it is relevant to ray further dis¬ 
cussion. 

The eailiest Gieek model that was devised 
to account for the appearance of planetary 
motion is that of Eudoxus in the middle of 
fourth century b c. On tins model planer 
tary motion was interpieted as a superposi¬ 
tion of uniform rotations about certain in¬ 
clined axes. In spite of many glaring in¬ 
adequacies, this model had a piofound im- , 
pact on subsequent planetary theory. The, 
culmination of Hellenistic astronomy is, 
of course, contained m Ptolemy’s “Almagest” 
—^perhaps the greatest book on astrono!^' 
ever written; and it remained unsurpassed 
and unsuperceded until the beginning of the 
modern age of astronomy with Kepler. 

Ptolemy’s modification of lunar theory is 
of special importance for the problem of the 
transmission of Gieok astronomy to India 
The essentially Greek origin of the Surya 
Siddhanta which is the classical textbook of; 
Hindu astronomy—cannot he doubted; 
it IS manifested in the terminology, in the, ' 
units used, and in the computational methods. 
But Hindu astronomy of the North does 
not appear to have been influenced by the 
Ptolemic refinements of the lunar theory; 
and this appears to be true with planetary 
theory also. This fact is of importance: a 
study of Hindu astronomy will give us much 
needed information on the development of 
Greek astronomy from Hipparchus in 150 
B.c. to Ptolemy in 150 a.d. 

In early Hindu astronomy, as summarized , 
by Varaha Mihira in the Pancha Siddhantika, 
we can distinguish two distinct methods of 
approach; the trigonometric methods best 
known through Surya Siddhanta and the ' 
arithmetical methods of Babylonian astro- ' 
nomy in the astronomy of the South. The , 
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Babylonian influence has come to light only 
in recent years; and I shall presently refer 
to its continued active presence in the Tamil 
tradition of the seventeenth and the eighteenth 
centuries. 

I should perhaps state explicitly heie that 
the fact that Hindu astronomy was deeply 
influenced by the West does not by any 
means exclude that it developed independent 
and original methods It is known, for 
example, that in Hindu astionomy the chords 
of a circle were replaced by the moie con¬ 
venient trigonometric function Sin a—(Rsin a). 

Before I conclude with some remarks on 
the simultaneous existence of two distinct 
astronomical traditions in India I should like 
to illustrate my general remarks by two 
specific illustrations which are of some inte¬ 
rest. 

In 1825 Colonel John Warren, of the East 
India Company, stationed at Fort St. George, 
Madras, wrote a book of over 500 quarto 
pages entitled Kala Sankahia with a Collec¬ 
tion of Memoirs on the Various Methods 
According to Which the Southern Part of 
India divided Time. In this book, Warren 
described how he had found a calendar 
maker in Pondicherry who showed him how 
to compute a lunar eclipse by means of shells 
placed on the ground and from tables 
memorized as he stated “by means of 
certain artificial words and phrases ” Warren 
narrates that even though his informer did 
not understand a word of the theories of 
Hindu astronomy he was nevertheless endow¬ 
ed with a memory sufficient to arrange very 
distinctly his operations in his mind and on 
the ground.” And Warren’s informer illus¬ 
trated his methods by computing for him the 
circumstances of the lunar eclipse of May 
31—June 1, 1825 with an error of -f 4 
minutes for the beginning,—23 minutes for 
the middle, and—52 minutes for the end 
But it is not the degree of accuracy of his 


result that concerns us here; it is rather the 
fact that a continuous tradition still survived 
in 1825, a tradition that can be traced back 
to the sixth century ad. with Varaha Mihira, 
to the thii d century in the Roman Empire and 
to the Seleucid cuneiform tablets of the second 
and the third centuiies. 

A second instance I should like to mention 
IS an example of the survival of Hindu as¬ 
tronomy in parts of the Western world that 
were remote from Hellenistic influences dur¬ 
ing the medieval times. A Latin manus¬ 
cript has recently been published which 
contains chronological and astronomical 
computations for year 1428 for the geogra¬ 
phical latitude of Newminster, England. It 
used methods manifestly related to Surya 
Siddhanta. Obviously one has to assume 
Islamic intermediaries for a contact of this 
kind between England of the fifteenth century 
and Hindu astronomy 

While Surya Sid.dhanta manifests Greek 
influence, Babylonian influence has recently 
been established m the post-Vedic and pre- 
Surya Siddhanta period For example, in 
the astronomy of that period, the assumption 
of a longest day of 18 muhurtas and a shortest 
day of 12 muhurtas were made This ratio 
of 3:2 is hardly possible for India. But it 
is appropriate for Mesapotamia; and pos¬ 
sible doubts about the Babylonian origin of 
this ratio were removed when the same ratio 
was actually found in Babylonian texts. In 
addition, a whole group of other parallels 
between Babylonian and Indian astronomy 
have since been established Thus, the most 
characteristic feature of Hindu time recko¬ 
ning—^the tithis—occurs in Babylonian lunar 
theory. 

Clearly all these facts must be taken into 
account in any rational attempt to evaluate 
the intellectual contacts between ancient 
India and the Western world This problem 
of the foreign contacts is by no means the 
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only, or even the most important, fact that 
is to be ascertained. One must consider 
the Dravidic civilizations of the South on 
par with the history, the language, and the 
literature of the Aryan component of Indian 
culture. It is, as Neugebauer has empha¬ 
sized, this dualism of Tamil and Sanskrit 
sources that will provide for us, eventually, 
a deeper insight mto the structure of Indian 
astronomy. 

In his book “Rome Beyond Imperial 
Frontiers ” Sir Mortimer Wheelei comes 
to the conclusion that “the far more exten¬ 
sive contacts with South India have been a 
blessing to the archeologists” but he adds 
that “these contacts had no influence on 
these cultures themselves ” Hindu astronomy 
provides an example to the contrary Exactly 
as it is possible to distinguish between com¬ 
mercial contacts which India had through the 
Punjab or through the Malabar and Coro- 
mandal Coast, it is possible to distinguish 
the astronomy of the Surya Siddhanta on 
the one hand and the Tamil methods on the 
other. This distinction is indeed very mark¬ 
ed, The Surya Siddhanta is clearly based 
on pre-Ptolemaic Greek methods while the 
Tamil methods, in their essentially arithme¬ 
tical character, manifest the influence of 
Babylonian astronomy of the Selecuid— 
Parthian penod. 

One must not, of course, conclude that 
the Tamil methods were imported directly 
from Mesapotanua while the geometric 
methods came to the North via the Greeks 
and through, Persian intermediaries. And 
as I stated earlier, the fact that the Surya 
Siddhanta appears to have not been influenced 
by the Ptolemaic refinements, provides an 
important key to the development of Helle- 
nisti© astronomy between the times of Hip¬ 
parchus and-Ptolemy. 

A proper assessment of the role of Hindu 
science .m the 'ancient world has yet to be 


made. The pioblein is made more difficult, 
than is necessary, by the tendency of the 
majority of publications of Indian scholars 
to claim piioi-ity foi Hindu discoveries and 
to deny foreign influence, as well as the op¬ 
posite tendency among some European 
scholais. These tendencies on both sides 
have been aggravated by the inadequate 
publication of the original documents: this 
is indeed the most pressing need. Since 
no astronomy at an advanced level can exist 
without actual computations of planetary 
and lunar ephimerides, it must be the flrst 
task of the historian of Hindu astronomy to 
seaich foi such texts. Such texts are indeed 
preset ved in great numbers, though actually 
written in very late periods But the publi¬ 
cation of this material is an urgent noed^in _ 
the exploration of oriental astionomy 

Let me conclude this somewhat incoheient 
account, bearing on the ancient culture of 
India, by emphasizing that its principal 
interest lies not ht the sharing or in the ap¬ 
portioning of credit to one nation or another 
but rather m the continuing thread of com¬ 
mon understanding that has bound the elite 
nations of Abul-Qasnn ibn Ahmad in man’s 
constant quest to comprehend his environ¬ 
ment. 

The pursuit of astronomy at the more 
sophisticated level of modern science, since 
the time of Galileo and Kepler, is concern¬ 
ed with the same broad questions even though 
that fact is often observed by the technical 
details of particular investigations. 

Questions that may naturally occur to 
one often appear to be meaningless in the 
context of current science. But with the 
progress of science questions that appear as 
meaningless to one generation become mean- 
mngful to another. It is to this aspect of 
the development of astronomy in recent times 
that I should like to turn my attention now. 

The first question that I shall consider 
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concerns the assumption that is implicit in 
all sciences. Nattire is governed by the same 
set of laws at all places and at all times, 
i.e. Nature’s laws are universal. That the 
validity of this assumption must be raised 
and answered in the affirmative was the sup¬ 
reme inspiration which came to Newton as 
he saw the apple fall Let me explain. 

Galileo had formulated the elementary 
laws of mechanics governing the motions 
of bodies as they occur on the earth, and 
the laws he formulated were based on his 
studies of the motions of projectiles, of falhng 
bodies, and of pendulums. And Galileo 
had, of course, confirmed the Copermcan 
doctrine by observing the motions of the 
sateliltes of Jupiter with his telescope. But 
the question whether a set of laws could be 
formulated which governed equally the 
motions of all bodies, whether they be of 
stones thrown on the earth or of planets in 
then motions about the sun, did not occur 
to Galileo or his contemporaries. And it 
was the falling apple that triggered in New¬ 
ton’s mind the following crucial train of 
thought. 

All over the earth objects are attracted 
towards the center of the earth How far 
does this tendency go? Can it reach as 
far as the moon? Galileo had already 
shown that a state of uniform motion is as 
natural as a state of rest and that deviations 
from umform motion must imply force. If 
then the moon were relieved of all forces, it 
would leave its circular orbit about the earth 
and go off along the instantaneous tangent 
to the orbit. Consequently, so argued New¬ 
ton, if the motion of the moon is due to the 
attraction of the earth, then what the attrac¬ 
tion really does is to draw the motion out of 
the tangent and into the orbit. As Newton 
knew the period and the distance of the moon, 
he could compute how much the moon falls 
away from the tangent in one second. Com¬ 


paring this result with the speed of falling 
bodies, Newton found the ratio of the two 
speeds to be about 1 to 3600. And as the 
moon is sixty times farther from the center 
of the earth than we are, Newton concluded 
that the attractive force due to he earth 
decreases as the square of the distance. The 
question then arose; If the earth can be the 
center of such an attractive force, then does 
a similar force reside in the sun, and is that 
force in turn responsible for the motions of 
the planets about the sun ? Newton imme¬ 
diately saw that if one supposed that the sun 
had an attractive property similar to the 
earth, then Kepler’s laws of planetary mo¬ 
tion become explicable at once. On these 
grounds, Newton formulated his law of 
gravitation with lofty grandeur. He stated: 
“Every particle in the universe attracts every 
other particle in the universe with a force 
directly as the product of the masses of the 
the two particles and inversely as the square 
of their distance apart.’’ Notice that Newton 
was not content in saying that the sun at- 
racts the planets according to his law and 
that the earth also attracts the particles in 
its neighbourhood in a similar manner. 
Instead with sweeping generality, ho 
asserted that the property of gravitational 
attraction must be shared by all matter and 
that his law has universal validity. 

During the eighteenth century, the rami¬ 
fications of Newton’s laws for all manner of 
details of planetary motions were investi¬ 
gated and explored. But whether the vali¬ 
dity of Newton’s laws could be extended 
beyond the solar system was considered 
doubtful by many. However, in 1803 Wil¬ 
liam Herschel was able to announce from his 
study of close pans of stars that in some ins¬ 
tances the pairs represented real physical 
binaries revolving m orbits about each other. 
Herschel’s observations further established 
that the apparent orbits were ellipses and 
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that Kepler’s second law of planetary mo¬ 
tion, that equal areas are described in equal 
times, was also vahd. The applicability of 
Newton’s laws of gravitation to the distant 
stars was thus established. The question 
whether a uniform set of laws could be for¬ 
mulated for all matter in the universe be¬ 
came at last an established tenet of science. 
And the first great revolution in scientific 
thought had been accomplished. 

Let me turn next to the second great le- 
Volution in explicit context of astronomy 
that was accomplished during the middle 
of the last century. 

During the eighteenth century the idealist 
philosopher Bishop Berkeley claimed that 
the sun, the moon, and the stars are but so 
many sensations in oui imnd and that it 
would be meaningless to inquire, for example, 
as to the composition of the stars. And it 
was an oft-quoted statement of Auguste 
Compte, a positivist philosopher, mfluentiai 
during the early part of the nineteenth cen¬ 
tury, that IS in the nature of things that we 
shall never know what the stars are made 
of. And yet that very-question became mean¬ 
ingful and the center of astronomical inte¬ 
rest very soon afterwards. Let me tell this 
story very briefly. 

You are famihar with Newton’s demons¬ 
tration of the chapter of white hght by allow¬ 
ing sunlight to pass through a small round 
hole and letting the pencil of hght so isolated 
fall on the face of a prism. The pencil of 
light was dispersed by the prism into its 
constituent rainbow colours. In 1802 it oc¬ 
curred to an English physicist, William Wol¬ 
laston, to substitute the round hole, used by 
Newton and his successors to admit the light 
to be examined with the prism, with an elo¬ 
ngated crevice (or slit as we would now say) 
l/20th of an inch in width. Wollaston noticed 
that the spectrum thus formed, of light “puri¬ 
fied’ (as he stated) by the abolition of over¬ 


lapping images, was traversed by seven dark 
lines. These Wollaston took to be the natu¬ 
ral boundaries of the various colours. Satis* 
fled with this quasi-explanation, he allowed) 
the subject to drop. The subject was inv 
dependently taken up in 1814 by the great 
Munich optician Fraunhofer. In the course' 
of experiments of hght, directed toward^ 
the perfecting of his achromatic lenses, 
Fraunhofer, by means of a slit and a teles¬ 
cope, made the surprising discovery that the. 
solar spectrum is crossed not by seven lines 
but by thousands of obscure streaks. He 
counted some six hundred and carefully 
mapped over three hundred of them. Nor 
did Fraunhofer stop there. He applied 
the same system of examination to otiiflb' 
stars; and he found that the spectra of these 
stars, while they differ in details fiom that 
of the sun, are similar to it in that they are 
also traversed by daik lines. 

The explanation of these dark lines of , 
Fraunhofer was sought widely and earnestly. >' 
But convincing evidence as to their true nature ,; 
came only in the fall of 1859 when the great 
German physicist Kirchhoff formulated his ‘ . 
laws of radiation. His laws in this context 
consist of two parts. The first part states 
that each substance emits radiations charac- > 
teristic of itself and only of itself. And the , , 
second part states that if radiation from a 
a higher temperature traverses a gas at a 
lower temperature, glowing with its own 
characteristic radiations, then in the light 
which IS transmitted the characteristic radia¬ 
tions of the glowing gas will appear as dark 
lines m a bright background. It is clear ; 
that in these two prepositions wo have the 
basis for a chemical analysis of the atmos- , 
pheres of the sun and the stars. By compart* )i. 
sons with the spectral emissions produced 
by terrestrial substances, Kirchhoff was able , 7 ^' 
to identify the presence of sodium, iron,, f/ 
magnesium, calcium, and a host of other 'fr 
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elements in the atomosphere of the sun The 
question which had been considered as mea¬ 
ningless only a few years earlier had acquired 
meanmg. The modern age of astrophysics 
began with Kirchhoff and continues to the 
present. And we all know that one of the 
major contributions to our understanding of 
the spectra of stars and the physics of stellar 
atmospheres was made m our own times by 
Meghnad Saha. 

Now I come to a question that man has 
always put to Nature; Was there a natural 
beginning to the universe around us? Or to 
put the question more directly. How did it 
all begin All religions and all philosophical 
systems have felt the need and the urge to 
answer this question. Indeed, one may say 
that a theory of the universe, a theory of 
cosmology, underlies all religions and all 
myths. And one of the earhest cosmologies, 
formulated as such, occurs in the Babylonian 
epic Enuma Elish in the second mtliemum 
B c. The poem opens with a description of 
the universe as it was in the beginning" 

When a sky above had not been mentioned 
And the name of firm ground below had 
not been thought of 

When only primeval Apsu, their begetter. 
And Mummu and Ti’amat—she who gave 
birth to them all — 

Were mingling their waters in one'. 

When no Ood whosoever had appeared. 
Had been named by name had been deter¬ 
mined as to his lot. 

Then were Gods formed within them. 

Whether the question of the origin of the 
universe can be answered on rational scienti¬ 
fic grounds is not clear. It might be simplest 
to suppose that in aU aspects the astronomical 
universe has always been. Or, alternatively, 
following Compte we might even say that it 
is in the nature of things that we shall never 


know how or when the universe began. Never¬ 
theless, recent discoveries in astronomy have 
enabled us for the first time to contemplate 
rationally the question: Was there a natural 
beginning to the present order of the astrono¬ 
mical universe? A related question is; If 
the astronomical universe did have a begin¬ 
ning, then are we entitled to suppose that 
the laws of Nature have remained unchanged? 
The two questions are clearly related. 

Let me take the second question first. 
Have the laws of Nature remained the same? 
Can the universality of Nature’s laws implied 
by Newton in his formulation of the laws of 
gravitation, be extended to all time m a chang¬ 
ing universe? 

It IS clear that over limited periods of 
time the laws of Nature can be assumed not 
to have changed. After all, the motions 
of planets have been followed accurately 
over the past three centuries—and less ac¬ 
curately over all historical times—and all 
we know about planetary motions has been 
accounted for with great precision with the 
same Newtonian laws and with the same value 
for the constant of gravitation. Moreover, the 
physical properties of the Milky Way system 
have been studied over most of its extent— 
and its extent is 30,000 light years It can 
be asserted that the laws of atomic physics 
have not changed measurably during a period 
of this extent. And on the earth geological 
starta have been dated for times which go 
back several hundreds of millions of years. 
In particular the dating of these strata by the 
radio-active content of the minerals they con¬ 
tain assumes that the laws of physics have not 
changed over these long periods. But if 
during these times the astronomical universe 
in its broad aspects has not changed appre¬ 
ciably then the assumption that the laws have 
not changed appreciably during these same 
periods would appear to be a natural one. 
The questions that I have formulated, to have 
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meaning, must be predicted on the supposi¬ 
tion that there is a time scale on which the 
universe is changing its aspect. And if such 
a time scale exists, the first question is: What 
is it? 

That a time scale characteristic of the 
universe at large exists was first suggested by 
the discoveries of Hubble in the early twenties. 
There are two parts to Hubble’s discoveries. 
The first pait related to what may be consi¬ 
dered as the fundamental unit or constituents 
of the umverse. It emerged unequivocally 
from Hubble’s studies that the fundamental 
units are the galaxies of which our own 
Milky Way system is not an untypical one. 
Galaxies occur in a wide variety of shapes 
and forms. The majority exhibit extraordi¬ 
nary organization and pattern. 

To fix ideas, let me say that a galaxy 
contains some ten billion or more stars; its 
dimension can be measured in thousands 
of light years, our own galaxy has a radius 
of 30,000 light years Further the distance 
between galaxies is about 50 to 100 times 
their dimensions 

The second part to Hubble’s discovery is 
that beyond the immediate neighbourhood 
of our own Milky Way system, the galaxies 
appear to be receding from us with a velocity 
increasing Imearly with the distance In 
other words, all the galaxies appear to be 
running away from us as though, as Edding¬ 
ton once said, “we were the plague spot of 
the umverse.” Hubble’s law that galaxies 
recede from us with a velocity proportional 
to the distance was deduced from an exami¬ 
nation of their spectra. 

Now suppose that we take Hubble’s law 
literally. Then it follows that a galaxy 
which IS twice as far as another will be 
receding with a velocity twice that of the 
nearer one. Accordingly, if we could ex¬ 
trapolate backwaids, then both galaxies would 
have been on top of us at a past epoch. 


More generally, we may conclude that if 
Hubble’s relation is a strict mathematical one, 
then all the galaxies constituting the astro¬ 
nomical universe should have been together 
at a common point at a past calculable epoch. 
Whether or not we are willing to extrapolate 
Hubble’s law backward in this literal fashion, 
it IS cleai that the past epoch calculated in, 
the manner I have indicated does provide 
a Scale of time in which the universe must 
have changed substantially. Current ana¬ 
lysis of the observations suggests that the 
scale of time so deduced is about seventy 
thousand million years. 

With the time scale established, the ques¬ 
tion I stated eaiher can bo rephrased as fol¬ 
lows' Have the laws of Nature been cons¬ 
tant over periods as long as say tliii ty or forty 
bilhon years? And, what indeed was the 
universe like seventy thousand million years 
ago? These questions cannot be answered 
without some underlying theory. While 
there are several competing theories that aie 
presently being considered, I shall base my 
remarks on th- framework provided by 
Einstein’s genera’ theory of relativity. This 
theory appears to mo the most leasonable. 

This is clearly not the occasion to digress 
at this point and describe the content of the 
theory of relativity. Suffice it to say that 
it is a natural generahzation of Newton’s 
theory and a more comprehensive one. On 
Einstem’s theory, applied to the astronomical 
universe in the large, it follows that at oach 
instant the universe can be described by a 
scale of distance which we may call the ra¬ 
dius of the universe. At a given epoch iL 
measures the farthest distances from which 
a light signal can reach us. This ladius 
varies with the time Its currrently esti¬ 
mated value is ten thousand million light 
years. But the most impoitant consequence 
that follows from the theory is that this radius 



ASTRONOMY IN SCIENCE AND HUMAN CULTURE 


9 


of the universe was zero at a certain calcu¬ 
lable past epoch some seventy thousand mil¬ 
lion years ago. In other words, the con¬ 
clusion arrived at by a naive extrapolation 
backwards of Hubble’s law, interpreted lite¬ 
rally, IS indeed a valid one. That the theory 
predicts such a singular origin for the uni¬ 
verse is surprising, but it has been estabhshed 
rigoiously, with great generality, by a young 
English mathematician, Roger Pemoes. 

And finally, it is an exact consequence of 
the theory that the ratio of the wavelengths 
of an identified line in the light of a distant 
galaxy to the wavelength of the same source 
as measured here and now is the same as the 
ratio of the ladius of the universe now and 
as It was when the light was emitted by 
the galaxy. 

During the past few years a dozen or moie 
objects have been discovered for which the 
ratio of the wavelengths I mentioned is about 
three. Precisely what has been found is the 
following. In a laboratory source hydrogen 
e m its a line with a wavelength that is about 
a third of the wavelength of the visible ex¬ 
treme violet light. But this same line emitt¬ 
ed by the stellar object in the remote past 
and arriving here on earth now is actually 
observed in visible light. The fact that all 
the identifiable spectral lines in these objects 
are shifted by a factor of about three, means 
that the radius of the universe at the tune 
light left these objects was three times smaller 
and the density was some twenty-seven times 
greater than they are now. And a caieful 
analysis of the spectrum shows that during 
this span of time at any rate the laws of atomic 
physics have not changed to any measurable 
extent. To have been able to see back in 
tmie when the density of the universe was 
thiity times what it is now is, of course, a 
considerable advance. But even this ratio 
IS very far from what it would have been if 


we take the relativistic picture and go fur¬ 
ther back 111 time when the radius of the 
universe was say ten thousand million times 
smaller, not merely three times or a thousand 
tunes smaller. Does it appear that this 
extrapolation is meaningless and fanciful? 
But the general theory of relativity gives a 
theoretical meaning to such a question since 
a state of affairs attained by such .extrapola¬ 
tion is predicted as an initial state for our 
present uiiiveise In other woids, the ques¬ 
tion is meaningful, and one can reasonably 
ask; Is there anything we can observe now 
that can be consideied as the residue or the 
remnant of that initial singulai past? But to 
answer this question we must take the re¬ 
lativistic picture seriously and deteimiiie what 
it has to say about that remote past. Such 
a determination has been made by Robert 
Dicke and his associates at Princeton. 

Dicke calculated that at the lime the radius 
of the universe was 10^° times smaller, the 
temperature should have been some ton 
thousand million degrees—^in other words a 
veritable fireball. And as the universe ex¬ 
panded, radiation of this very high tempera¬ 
ture, which would have filled the universe 
at that time, would be reduced. For example. 
Its temperature would have fallen to ten 
thousand degrees after the first ten million 
years. As the universe continues to expand 
beyond this point, the radiation will cool 
adiabatically, i.e. in the same manner as 
gas in a chamber will cool if it is suddenly 
expanded And Dicke concludes that the 
radiation from the oiiginal fireball must 
now fill the universe umfoimly, but that 
its temperature must be very low—in fact 
3° Kelvin, a temperature that is attainable 
in the laboratory only by liquefying helium. 
It corresponds to radiation at a temperature 
of 270' of frost. How can we detect this 
low temperature raidiation? 
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It can be shown that tins radiation at 270° 
of fiost should have its maximum observable 
intensity at wavelength in the neighbourhood 
of 3 millimeters i e. the radiation must be 
present in the microwave region. The re¬ 
markable fact is that radiation in these wave¬ 
lengths has been detected; it comes with 
incredible uniformity from all directions, and 
they have all the properties that one might, 
on theoretical grounds, want to attribute to 


such fossil radiation fiom the original fireball. 

With these discoveries I have clescubed 
astronomy appears to have justified the, 
curiosity that man has felt about the origin 
of the universe, from the beginning of time. 

As I said at the outset, man’s contempla¬ 
tion of the astronomical universe has provided 
us with the one continuous thread that con¬ 
nects us with antiquity. And might I add 
now that it has also inspired in him the best, 
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Are waves and particles 
fundamentally 
different ? 

Chhotak Singh 
Departmen of Science Education, NCERT. 


A t first thought, waves seem to be different 
from particles in eveiy way A particle 
has a mass, can he located at a definite point, 
and can be imagined to have a definite size. 
On the other hand, a wave is massless, is 
necessarily spread out and has an ill defined 
size. Moreover, the quantities used to 
characterize a wave, its amplitude, wave¬ 
length and frequency—are quantities that 
seem to have no meaning for particles. 

In spite of these obvious differences, quan¬ 
tum mechanics has succeeded in merging the 
ideas of waves and particles. To make the 
merger reasonable, let us consider those 
properties which waves and particles do have 
m common, even in our microscopic world 
First of all, both obviously can travel from 
one place to another and at a definite speed. 
But here, too, there is difference The speed 
of a wave usually depends veiy little on its 
wavelength or its amplitude. Particles on 
the other baud, can easily be caused to travel 
at different speeds dependent upon their 


energy. Most important as a point of simi¬ 
larity, waves and particles can do the same 
job. Each can leceivo energy, carry it 
elsewhere, and transmit it to something else, 

The merging of the ideas of waves and 
particles was made possible only by some 
changes in our views of waves and particles. 
Both concepts have had to yield a little in 
order to grow more alike Usually, we think 
of a wave as vibiation of something. Water- 
waves need watei and sound waves need an, 
Befoie the theory of relativity made the idea 
untenable, it had natuially been assumed 
that light waves too need a material capable 
of vibrating the ether. The modern idea is 
that light IS the wavelike propagation of 
electric and magnetic fields through empty 
space. Quantum mechanics deals with the 
emission, piopagation and absorption of 
fields, associated with protons. Because of 
the shift of emphasis from ether to field, 
we gain a new peispective on waves. A 
wave becomes a more material thing, an 
entity by itself. It is still spread out, stiU 
characterized by wavelength and frequency 
and amplitude, but it is something by itself, 
not just the name given to a vibration of an 
undeilying medium. 

Quantum mechanics, then, brought with 
it some necessary change in our view of parti¬ 
cle which rendered them less distinct and 
therefore more wavelike. The most essen¬ 
tial feature is the non-localizability of parti¬ 
cles According to the uncertainty principle, 
which lies at the core of quantum mechqnics, 
the location of a particle can never be pre¬ 
cisely specified. The particle therefore loses 
Its dislmctness, becoming spreadout and a 
bit fuzzy, like a wave. The bigger the parti¬ 
cle, the less important is this fuzziness, so 
that in the world of our senses all “particles” 
appear to be perfectly localized and have well 
defined, sharp boundaues In the world of 
the very small, the fuzziness becomes all 
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important The fact, that the hydrogen 
atom IS 100,000 tunes larger than the proton 
at its centre, comes about enthely because 
of the non-locahzability of the very light 
weight electron, which refuses to sit quietly 
alongside the proton, requiring instead all 
of this extra space for its domain of motion. 
We can say that particles are wave like be¬ 
cause they are non-locahzable The single 
key equation that specifies the wave nature 
of a particle was first postulated by Louis 
de BrogUe in 1924. Shortly afterwards it 
was incorporated into the full theory of 
quantum mechanics That the proton wa,s 
in some sense both wave and particle had 
been known since 1905. De Broglie was 
the first to suggest that every particle should 
have a wave nature. The de Broglie re¬ 
lation may be written 



This equation looks simple but has signi¬ 
ficant consequences. Here A is wavelength, 
p is momentum and h is Planck’s constant. 
Momentum is a particle like property and 
wavelength is obviously a wave like property 
The de-Broglie equation links these two 
properties, and the link tying them to¬ 
gether is Planck’s constant. It is the small 
size of this quantum constant, h, that makes 
the wave properties of particles irrelevant 
except in the world of the very small. Thus 
the heart of the de-Broglie equation is 
Planck’s constant, h. Because p is in the de¬ 
nominator, larger p unplies smaller A- For 
the enormous momentum of microscopic 
objects, the associated wavelength is so small 
that the wave property is completely unobser¬ 
vable. A man walking at 3 miles/hour has 
a wavelength of less than 10 —cm. If he 
tries to move more slowly m order to have 
larger wavelength it would not help much. 
Progressing at one centimeter per century, 
he would have a wavelength of less than 10 —21 


cm. On the other hand a single electron 
moving at about 3 x 10^ cm/s in the hydrogen 
atom has a wavelength of 2 x 10 cm. 

The most convincing direct evidence of 
waves comes through the phenomenon of 
diSraction and interference. Through these 
effects the wave nature of light was establish¬ 
ed beyond question early m the nineteenth 
century More than a centuiy later, the 
same effect proved tha.t material particles, 
too, exhibit wave behaviours Following de- 
Broglie’s suggestion that all particles should 
show wave properties, G.P. Thomson, C. 
Davisson and L Germer discovered diffrac¬ 
tion and interference in electron beams (1925). 
Most recently neutrons have proved to be 
the best particles for demonstrating the 
phenomena of diffraction and interference. 
A surprising number of facts about the sub- 
microscopic world can be understood in 
terms of the wave nature of particles Per¬ 
haps the most essential fact about a wave, 
as far as the world of pai tides is concerned, 
IS its non-localizability. A wave can not 
be said to be exactly at this point or that 
point. At best, it is known to be in this re¬ 
gion or that region. It can be approximately 
localized but the crucial distance below which 
it makes no sense to speak of the position 
of a wave is its own wavelength The rele¬ 
vance of this non-localizability in the sub- 
microscopic world is simply that the position 
of a particle can never be known, even in 
principle, to an accuracy much greater than 
the wavelength of the particle. Tlio 
wave nature of matter introduces an 
essential fuzziness into nature; the particle 
wavelength defines a region of uncertainty, 
within which the whereabouts of the particle 
is unknown and unknowable. One might 
think that this should permit us to dispense 
with particles altogether and say that there 
are only waves. This can not be done, for 
the particle property is still evident m process 
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of change, that is, in event of annihilation 
and creation. The birth and death of parti¬ 
cles is particle-like occnrmg suddenly at 
one point in space and time. The life of 
particle between creation and annihilation 
is “wavelike" characterized by a wavelength 
and diffusedness over a region of space. 

Let ns apply these ideas to the size of the 
hydrogen atom. Here a light electron 
moves round a heavy proton, Between them 
acts an attractive electric force. According 
to classical physics, the electron should 
emit light waves, gradually lose energy 
and spiral down into the proton, so that the 
size of the atom would finally be about the 
size of the proton lO"’-^ cm 
It is the wave nature of the electron that 
prevents this collapse If the electron spiral¬ 
ed into the pioton, it would be confined to 
a smaller and smaller region of space, which 
means that its associated wavelength would 
have to become smaller and smaller. Ac¬ 
cording to the de-Broglie equation, smaller 
wavelength means larger momentum, which 
in turn means more energy of motion (kinetic 
energy). This is the crux of the matter. The 
wave nature of the electron means that it 
can be confined to a small region only if it 


has a high kinetic energy. Because of the 
electrical attraction, the electron wants to be 
near the proton. But in order to have the 
smallest possible energy, it wants to ha^e 
a very large wavelength and be spread over 
a large region of space. These two opposing 
influences—the proton’s force tending to pnlf 
it in, its wave natuie tending to push it out 
—reach a point of balance for the electroh 
wave spread over a certain distance; th^ 
dKtance happens to be about 10“®cmand 
determines the size of the atom. 

So, in the world of the very small, waves 
and particles appear to be not merely closely 
related but actually one and the same thing 
or more accurately stated different aspects 
of one and the same thing This remarkable ^ 
fact was first implied by Einstein’s theory df- 
the proton in 1905, and came to be fully 
appreciated after the work of de Broglie^, 
Schrodingeu and others on the quantunl, 
theory twenty years later. Now we recognise, 
the wave nature of matter as the factor that 
gives atoms their size, explains the uncer¬ 
tainty principle, elucidates the foie of 
probability m nature and thwarts man’s 
efforts to study the interior of elementary 
particles. 
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A New Pattern of the 
Process of Division 


S. G. Dabhadker, Jr. 
College of Education Pathri, Matathawada. 


J)OES the present process of division re¬ 
quire any reform? This question raises 
two more questions. Why should we feel 
the need for reform in the present process? 
How should the reform be introduced? 

Mathematics teachers, on the basis of their 
day-to-day experience of t aching division 
to the pupils of 3rd or 4th standard will agree 
with me that the present process is rather 
complicated—both for the teachers to teach 
and the pupils to learn. The reason is plain. 
The process requires a thorough knowledge 
of multiplication tables, which the pupils 
have learnt in the very beginning of their 
school life. The process is a sort of a com¬ 
pound of different processes such as division, 
multiplication, subtraction etc. This is a 
mixture, hard to digest easily. A concrete 
example will illustrate my contention, 


762 R2 Ans. 

In the above cited example the pupil is ex¬ 
pected to rely upon the multiplication table of 
17. If he knows the table well, the problem 
becomes easy. But unfortunately if he does 
not remember or is not confident about, 
then naturally he has to prepare the same 
mentally or on the paper. If he wants to 
avoid this task, he has to undergo some trials 
until he succeeds in his goal. So it is ob¬ 
vious that the command over multiplication 
table of the divisor is very essential. Further¬ 
more when we come across a divisor having 
2 digits and making a larger number than 30. 
(It is supposed that the tables from 2 to 
30 are learnt by heart by the pupils and they 
retain these in their memory well), or having 
more than two digits, the complexity is still 
increased and takes different shapes. The 
different shapes of the complexity can be 
described as below :- 

1. To choose suitable number of digits 
from the—dividend (from left to right) 
divisable by the divisor. 

2. In absence of multiplication table of 
the divisor again choosing suitable 
number of figures from the above 
selected number, for the trial by the 
first one or two digit number of the 
divisor, as the case may be. 

3. If the first trial succeeds so much the 
better, if not, a second trial with the 
lesser multiple is required. At times 
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one has to contimie these trials even 
thrice or until he gets the correct 
nniltiple. Following example will 
make the situation more clear. 

Example'. 321405.—68 


2. 5 X 68 — 340, Multiplication. 

3, 4 X 68=272, Multiplication 

4 321—^272=49 Subtraction, 

5. 494 taking down 4 from dividend. 

This process is repeated till the last digit 
of the dividend. Thus ever changing busi- 


3 

2 

1 4 

(3 

4 

0) 

—2 

7 

2 

4 

9 

4 

(5 

4 

4) 

—A 

7 

6 

1 

8 

0 

(2 

0 

4) 

—1 

3 

6 

4 

4 

5 

(4 

7 

6) 

—4 

0 

8 


3 7 


Steps followed ■- 

1. Selection of 321 to be divided by 68 

2. Again selection of 32(of 321) to be 
divided by 6 (of 68) 

3. First trial by 5. 

4. Multiplication of 68 X 5 

5. Second trial by 4 

6. Multiplication of 68 x 4 

The failure of trials will naturally effect 
the efficiency of the pupil. Further these 
trials make the working shabby and discourage 
the pupil. 

Second difficulty arises when the pupil has 
to face multi-process working at a time. 
Following analysis of the working of the 
procedure we adopt wdl clarify the situation 
in the above example. 

1 32-^6=^ 5 Division 


(5) 4 (8) 7 (3) 2 (7) 6 


ness of process consequently must have some 
boring effect upon the children’s mind 

Even in every day life situations we see 
that, a person, indulged in either manual or 
mental labour of different processes, tries 
to finish one type of process at first and then 
take up the other type. It saves his energy 
and increases speed of work. It is a natural 
tendency. 

Should wo not therefore observe this natu¬ 
ral, hence psychological tendency to the 
process of division? A fact that we can not 
deny. How to apply this tendency is the 
next question which remains to be answered. 
It may be sought in the new pattern of 
process that I wish to suggest. 

The above cited 2 examples are solved by 
the new pattern below to illustrate the process.' 
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Example 1; 12956—17 divisoi, when taken together is the quotient 

The two steps suggested in new pattern sepa- 
Step No 1:— Multiplication table of 17 rate the processes of multiplication and sub- 


■ 

2 

3 

B 

5 

6 

7 

8 

9 

17 

34 

51 

68 

85 

102 

119 

136 

153 


Step No. 2 :— 

A. 129 105 36 (2)R 
B 119 102 34 

I I I 

-^1 I I 

Q—c7 6 2 

762 R2 Ans 

Example 2,—321405 — 68 
Step No. 1 

1234 5 6 7 89 

68 136 204 272 340 408 476 544 612 

Step No. 2—A 321 4H laQ 445 (57)R 

B 272 476 136 408 

Q 4 7 2 6 4726 R37 Ans. 

Step No. 2:—^The multiplication table of the 
divisor 

Step No. 2 '— 

Column A . Figures shown in blue Ink is 
the dividend. Figures shown in Red 
pencil are the subtraction result of the pre¬ 
vious column A & B. Red figures along 
with blue figure make fresh number foi 
subtraction process 

Column B: Figures chosen at a glance 
from the multipilcation table for sub¬ 
traction. 

Column C : Appropriate multiples of the 


traction altogether All the miilLiphcation 
processes aie completed at the out set, one 
after another, in seiial, in the fiist-step 
These are only eight and can easily be simpli¬ 
fied by additions also. Their numbei can 
be I'educed as per lequiiement of multiples 
in the quotient In the second step only tlic 
subtraction process is expected The 
subtraction yield is pie-suffixed to the next 
dividend figure for further subtiacUons. 
Selection of correct number from the step I 
table is a matter of mere glance. Tliis 
process leaves no room foi any soi-L of error 
liable due to lack of attention oi concent¬ 
ration. As there is no inton-uption of any 
other process in between, one can very 
swiftly proceed further till the last sub¬ 
traction, viz, remainder. 

However, one can rightly remark that the 
preparation of multiplication table is a time 
taking process, particularly when the quo¬ 
tient does not require all the multiples from 
2 to 9. The mental energy spent for the 
multiplication of these unwanted multiples is 
a waste It is true but the waste can be 
justified as the pupil is saved from futuic 
mental strain due to trials of multiples and 
often change in piocesses. The time spent 
m preparing multiplication table will ease 
the division process and speed up the work 
without least fatigue or boredom. Moreover 
a short practice in preparing multiplication 
tables will make the pupil tactful and quick. 









Finding the Greatest 
Common Divisor of 
two Positive Whole 
Numbers with the 
Help of Euclid’s 
Algorithm 


common prime factors of these two sets 
j!!f. “tersection of the above sets and then 
Oh) finding the product of these common 
factors In mathematical language we can 
say If A denotes the set of prime factors of 
a positive whole number, say x, and B denoted 
the set of prime factors of another positive 
whole number, say y, then AaB is the se( 
of common factors of x and y. 

Let us illustrate it through an exampfe 
Suppose the numbers are 30 and 21. Let m 
first find the piime factors of both. 


2 

30 

3 

21 

3 

15 

7 

7 

5 

5 


1 

A=2. 
AAB 

1 

3, 5 and 
= 3 

B=3,7 



me ijrieaiesi uommon Divisor is 3 , 
Let us take another example. Suppose 
the numbers are 210 and 330. 


Department of Science Education (^S) 

Tr„ Baulin, 
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2 

210 

2 

330 

3 

105 

3 

165 

5 

35 

5 

55 

7 

7 

11 1 

11 


Who S, „ 

some i,.fhcds f„, u„ oiate,, r 
mon Divisor fG C D 'i Corn- 

numbers. whole 

«>X°St “ ® 

given whole numbers. (U)'finanJ^the°‘sVof 


A — 2,3,5,7, and B = 2 3 5 11 
AaB ^ 235 ’ 

Hence the 

OC.D.k - 2X3X5 - 30 

W» CM also Itad tha Gieatesl Commoi 

ft) Sin! .a t « 

eletont j this V^ Sroatraf; 
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Suppose the numbers are 12 and 30 

Divisors of 12 are 1,2,3,4,6, and 12. 

Divisors of 30 are 1,2,3,5,6,10,15,30. 

A B = 1,2,3,6 

The greatest element of this set is 6. 

Hence G.C.D. of 12 and 30 = 6. 

Hence we have that G.C.D (12:30) = 6 
or the same can be written in the following 
way: 

(12;30)-6 

However, the above methods are not easy 
if the numbers are bigger. For example, 
we want to find the G.C.D. of the following 
numbers: 

869107 and 62267 

It IS rather difficult to find the least prime 
divisor of the number 869107; since the 
least prime divisor is very large and it equals 
877. It is the 151st prime number. In this 
way we should examine 150 prime numbers 
before we come to 151st prime number 

2000 years ago Euclid suggested another 
method of finding the G.C.D. of two positive 
whole numbers. Now, in mathematics 
literature the process followed m this method 
is called Euclid’s algorithm. At first we 
shall take arithmetic numbers to explain 
the Euclid’s alogrithm. For example; we 
want to find the G.C D. of 869107 and 62267. 

i.e. (869107; 62267) =? 

Let’s divide 869107 by 62267. 

We shall obtain the quotient 13 and the 
remainder 59636. This fact can be written 
as follows : 

869107 = 62267 X 13+59636 

From heie we see that any number which 
is divisor of numbers 869107 and 62267 
must be a divisor of the remainder 59636 
also, which means that it is also the common 
divisor of the numbers: 

62267 and 59636 

Hence we see that the common divisois 
of the numbers 86107 and 62267 are the 
same as for the number 62267 and 59636 


which means that the G.C.D. for both the 
pairs will be one and the same or it can be 
written as— 

(869107; 62267) = (62267; 59636) 

But as far as the second pair is concerned 
the numbers become smaller and hence 
G.C.D. in the case of second pair becomes 
easier. Let us do the same with the second 
pair as we did with the numbers of the first 
pair. 

So we divide, 

62267 by 59636 and get 1 as quotient and 
2631 as remainder. 

62267 = 59636 X 1 +2631 

As already explained the G.C D. of 62267 
and 59636 will be the same as the G.C.D. 
of 59636 and 2631. 

(62267 ; 59636) = (59636; 2631) 

Now divide 59636 by 2631. 

We obtain 22 as the quotient and 1754 
as the remauider. That is; 

59636=2631 X 22 + 1754. 

Therefore, 

(59636; 2631) = (2631 ; 1754) 

Again 2631 = 1754 X 1 + 877 (on dividing 
2631 by 1754) 

(2631; 1754) = (1754; 877) 

Finally dividing 1754 by 877 we obtain 2 
as the quotient and o as the remainder, 
that is, 

1754 = 877 X 2 = O 

It means that number 1754 is completely 
divisible by 877. This can be symbolically 
written as follows: 

877/1754 or 1754, 877 
which moans is the G.C.D. of numbers 
1754 and 877, that is, 

(1754; 877) = 877. 

So, by successively dividing the higher 
number by the smaller number and then 
each remainder by the next remainder, we 
shall obtain— 

(869107; 62267) = (62267; 59636) = (59636; 
2631) = (2631 ;+754) =(1754; 877) =• 877 
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Here 869107; 62267 are the original given 
numbers and 59636; 2631, 1745 and 877 are 
successive remainders. 

Thus Euclid’s algorithm lies in this suc¬ 
cessive division, 

Observe that: 

1. Successive division is carried on till 
we get zero as remainder. 

2. The first remainder is less than the 
smaller of the two given numbers and 
every remainder is less than the pre¬ 
ceding remainder or the remainders 
go on decreasing. 

3. AU the remainders are non-negative 
numbers i.c. greater than zero but the 
last remainder wiU be equal to zero 

4. G.C.D is the last quotient in the suc¬ 
cessive division. 

Let us consider the algorithm in geneial. 
Our task is to find the G.C.D. of two posi¬ 
tive whole numbers. Let the biggest of these 
two numbers be ‘a’ and the smallest ‘b’ and 
now let us divide ‘a’ by ‘b’. Suppose that we 
obtam the quotient ‘q’ and the remainder 
‘ri’. 

Then we have the following: 
a = bqi r^ where o<r]^<b 
If the first remainder r^ = o then a ; b 
‘a’ can be divided by ‘b’ 

Theiefore (a; b) >== b 
But if ri 5 ^ 0 we proceed on in the same way 
as shown in the previous example, namely: 
(a; b) = (b; ij) 

and now, we divide ‘b’ by iq We obtain 
b = rjqa -j- rg’ where o<r 2 <ri 
In case r^ => o then b can be divided by tj, 
that is b : rj 
Therefore, (b; ri), = rj 
But if rgpiO then we come to the conclusion 
that (b; I'O ■= (ri; rj) 

Dividing r^ by we obtain: 
ti = r^qa -H rg’ where o<ra<r 2 


It can be seen that the remainder numbers 
in successive division arc decreasing and the 
numbers representing these remainders re¬ 
main non-negative. 

b>ri>r2>r8>.O 

Since the magnitude of all these non-nega¬ 
tive numbers in general being less than ‘b’ 
we go on repeating the said operation, say, 
‘n’ times till we get the remainder O. 

It means that the remainder ivs can be 
completely divided (with remainder 0) by 
r„_i. Hence, r„- 2 , t„.i ) =» rn_i 
(a;b) = r^-i 

This method helps us to find the least 
common multiple if we use the following 
formula: 


(a; b) 


a X b 
(aib^i. 


where (a; b) denotes the L.CM. of tWo 
positive whole numbers a and b 
Let us prove that this formula is coirect. 
Let us assume that M is a certain Common 
Multiple of numbers a and b, that is, 

(1) M = a X ICi 
M ■= b X ka 

If D is the G.C D. of numbers a and b, that is 

(2) a = D X aj 

b = D X bi, where (ai;bi)=«l 
It results from formula (1) that 
a X ki = b X kg. 

Let us substitute the values of a and b 
from formula (2), and we obtain that; 

DxaiXKi = D xbi xKa or aiXKi=bxXKj 
In each part of the last equality we see 
whole numbers and that is why: 

(ai X ki) ; bx 

But (ax ; bx) = 1, Ki; bx, that is 
where t is a whole number 


Now, let us try to substitute Ki in fof^, 
mula (1) 
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M=a X bi X t; 
= D X bi 


M 


a X b 
D 


X t 


Example 

Finding the G.C.D. and the L.C M. of two 
given numbers 2346 and 969. 

(2346 ; 969) « 51 


102 

-102 


0 


153 

-102 




969 

2346 

-1938 

408 


-816 

2 

408 

153 


-306 

2 


1 102 

1 




969 

2 


The least positive value of t will be equal 
to 1. Therefore, if t=l, the Common 
Factor M of numbers a and b will turn 
into the Least Common Multiple of these 
numbers, 


(2346; 969) 


2346 y 969 
51 


=2346 X 19 = 44574 
Hence: (2346; 969) = 51 
(2346; 969) = 44574 




Study Rooms for 
Science Subjects 

W. P. Kurchania 
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tTtEACHING of science has been largely 
i hampered by the absence of science 
eqn pment in elementary schools and by the 
inadequate laboratories in secondary schools. 
Regarding teaching of science one must keep 
in mind that, if science is done badly, it is 
worse than useless 

If science has to be taught at all, no matter 
at what level, it has to be taught well. 
Further to learn science, is to do science. 
This leads to the experimental method, which 
should be strictly adhered to m schools. The 
present concept of experimental work in 
science teaching is limited to the inclusion of 
a number of experiments which the pupils 
are expected to do during the specified period. 

The Nature of Science 

From educational point of view, it is very 
important that science teaching m schools 
should include activities by pupils so as to 
develop scientific attitude amongst them pupils 
and enable them to understand and deve¬ 
lop skills associated with it. This is possible 


only by having a revolution in our way ot 
teaching and learning of science. 

Even at the elementary stage, while learning ' 
science, the pupil must feel that he is parti, 
cipating in a creative progress. The cultural 
contribution of science lies in the fact that it 
provides participation in creative work to 
a large number of people. Further one mast 
know that science is a growing subject. 

This is a subject where if ten questions at« 
answered, another hundred questions croj 
up for which answers have to be found; 
science provides us confidence that it 15 
within our power to alter and improve, at 
least, our material condition. The very 
concept of progress lies in the awareness that 
man by his effort can alter his own condition 
and improve his lot. 

Present Position 

At the elementary stage general science is. 
being taught, in our schools, mostly theoreti¬ 
cally. There is hardly any provision for 
observation, demonstration or for drawing 
conclusions 

In bccondaiy schools also the teaching of 
science, m an average class room, is by way - 
of ‘chalk and talk’. The pupils listen, write 
down and draw figures in their note books. 
But they were not provided facilities to ob¬ 
serve those things which are taught to them 
Therefore the teaching becomes verbal in 
nature which to" some degree is rectified by,, 
introducing a few separate practical lessons,, 
Good comprehension of knowledge and its 
correctness can only be achieved if a teacher’s 
explanation is followed by demonstration of 
experiment students activities films, filmstrips 
and by the work of pupils with equipments. 

In some of the schools, demonstrations- 
during the teaching are done in specially 
equipped lecture rooms called science theatres; 
and practical work is carried out separately 
in laboratories. The laboratories have heavy 
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and expensive furniture similar to those in the 
nniversities vi'heie students, while carrying 
out practical work, spend the whole day 
in the laboratory. But in schools the 
pupils have to perform simple short tasks, 
requiring simple equipment. 

Difficulties Experienced 

Organization of science laboratories with 
big heavy tables and costly furniture along 
with separate science lecture theatre requires 
a great amount of expenditure, and most 
schools do not possess any laboratory in the 
real sense. And those, who have, are facing 
shortage of space due to high enrolment in 
science subjects. One science lecture room, 
originally provided in the schools, cannot 
cope up with the teaching of physics, chemistry 
and biology for all the classes from VIII to 
XII. The problem is likely to be more acute, 
when as is envisaged by the NCERT, the 
secondary schools will have compul¬ 
sory teaching of sciences from class YI 
to X, 

Study Rooms for Science Subjects 

The problem can be solved by having 
theory cum practical rooms called study 
rooms for physics, chemistry and biology. 
They will house both the lecture room and the 
laboratory. The study rooms for physics, 
chemistry and biology should be equipped 
in such a way as to give a chance to the 
teacher to make the explanation of the mate¬ 
rial to be followed by the demonstration of 
experiments, and simple laboratory work by 
the pupils. These rooms may also be used for 
individual class and out of class practical 
studies of the puphs. 

According to the report of the UNESCO 
Planning Mission on Science and Mathe¬ 
matics Education m Indian Schools 1954, 
separate teaching of theory and practice 
reduces the quality of knowledge. The guid¬ 


ing principle of science education consists 
in combining theory and practice. In this 
case it is not necessary to have separate 
large practical room and science galleries. 
Instead of these, one large study room for 
each subject will serve both the purposes 
efficiently. By doing so, there will be achieved 
economy of funds for construction of school 
buildings and utilisation of existing schools 
areas. 

Lay out of the Study Room 

The number of rooms, space, general 
equipment (tables, chairs, almirahs, etc.), 
their position in the room and teaching equip¬ 
ment for the study rooms are determined by 
the content and method of subject teaching 
as well as by the number of pupils in the class 
It is recommended that each elementary 
school should have a study room for general 
science; while in secondary schools there 
should be separate study rooms for physics, 
chemistry and biology. In large schools, 
where there are more than ten science sec¬ 
tions, it is advisable to have two study rooms 
for each subject, and in this case these rooms 
may be allocated to different parts of studies, 
for example in case of physics—one for 
electricity, magnetism and sound and the 
other for heat, light and general physics; 
and so on 

A study room should be equipped in such 
a way as to create therein all necessary con¬ 
ditions for covering every type of activity 
by the teacher and the pupils. The study 
room may bej^about 10.35 meter long and 
6.40 meter broad, with one more additional 
small room (3.66 by 6.40) to store teaching 
equipment and to carry out the preparatory 
work for lessons by the teacher or to verify 
demonstrations and experiments. In large 
schools the preparation cum store room may 
be located in between the two study rooms for 
each subject. 
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General Et^uipinent of the Study Rooms 
The study rooms may be provided with 
simple, cheap two-seated tables of 122 cm 
52 cm size. The height of the tables may bo 
between 2’ and 2J’ depending on the age group 
of the pupils. The top cover of the tables 
may be adjusted with small alterations for 
studies in physics, chemistry or biology. For 
physics each table may be provided with A.C. 
mains and 6 volts plug either from a rectifier 
or from accumulators. Chemistry tables 
will have water supply tap as well as a drai¬ 
nage sink, gas burner or other heating ap¬ 
pliances, The pupil’s tables be so placed 
m rooms as to have light from the left side 
with all the pupils facing the teacher and 
working in a comfortable pose. 

On the side away from windows, suitable 
alnurahs or cupboaids may be placed to 
house equipments and assessories commonly 
used in the class. 

In the front of the class, a platform about 
15 cm high is suitable. It will be the working 
place of the teacher. A demonstration table 
with additional equipment, a blackboaid with 
some devices, a stand for charts and diagrams 
may be placed on the, plateform so that the 
pupils may clearly observe the demonstrations 
done by the teacher. The size of the demo¬ 
nstration table may be about 244 cm x 90 x 88 
cm and it should be made heavy and steady. 
The surface of the table is to be covered with 
hnoleum or coated with water-proof and 
acid—proof paint. It should contain drawers 
and shelves in order to store those things 
which are in fieqiient use by the-'teacher 
durmg the lessons. This table •sho'uld'be 
provided with sockets for D.C, and A.C. 
electricity, water and gas. If electricity-is 
not available to the school, electrical appli¬ 
ances should be worked by accumulators 
which may be housed in a special place in 
one side of the table. In case water supply 
IS not available, it is advisable to provide 


water tanks' some where on a higher level 
and water may be led through the pipes to 
the demonstration table, that has sinks for 
diaining it. If there is no gas supply in 
the school, it is necessary to have suitable 
heating devices, 

A blackboard of size 3.66 x 1 cm is suit¬ 
able. It need not be painted black. Green 
or brown boards are better suited and are not 
hard to the eyes of the pupils. These boards 
may be made of linoleum or hard board 
painted green or brown. They should be 
provided with a shelf and a box for chalk and 
duster, and a drawing instrument set which 
are often used in a physics study room. 

It is expedient to fix above the blackboard 
simple devices for fastening diagrams, maps, 
charts and othei teaching aids. A screen 
is fixed above these to show drawings, dia¬ 
grams, filmstrips and films. If projection 
is to be done from the demonstration table 
itself, the screen should be inclined over and 
above the blackboard. If the projection is 
to be done from the opposite side of the 
class, it can be of rolled type. 

The study rooms should be provided with 
paper or cloth curtains to darken the rooms 
when film strip projector, slide projector, 
epidiascope, etc. are used. Additional equip¬ 
ment required in the teaching work may 
also be fixed at suitable points near the dias. 
A few pictures of scientists on walls and 
show-boards depicting products of science 
clubs, etc. greatly enhances the educative 
value of the study rooms. 

Besides, each study room will have its 
own speciality. Chemistry study room will 
have a fume cupboard and a cupboard for 
permanent set of solutions and solids which 
are frequently required by the teacher and 
are necessary for solving experimental prob¬ 
lems. Biology study room will have cabinet 
with dark and bght chambers. There should 
also be a zoo corner for biology teaching. 
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For this purpose it is necessary to provide 
cages for birds and animals, terraria and 
acquire a plot of land m the shade for grow¬ 
ing plants and all other necessary things for 
carrying out experiments and observations of 
living organisms. 

General Get-up 

The painting of walls and furniture also 
needs consideration. It is necessary to 
select those colours which absorb light in 
small quantities and at the same time have 
poor reflection, that is, it should not be tiring 
to the eyes of the pupils. In this connection, 
the UNESCO Planning Mission 1964 has 
recommended that the biology table tops 
should be painted dark green while the un- 
dersti uctuie of tables and planks in the middle 
of the walls light green; the tables in the 
physics and chemistry study rooms should 
be painted brown and light brown and plants 
in the middle of walls of cream or deep 


cream. The ceiling and the upper parts of 
the walls should be whitewashed There is 
still a need of research work in this direction 
in our schools 

Merits of Study Room 

Such an organisation of teaching in which 
both theory and practical work are done in 
the same room has been proved better, where 
it has been tried. Besides being economical 
and sound on pedagogical grounds, it is 
moie useful on hygienic grounds. In the 
traditional laboratories when six to eight 
pupils stand around a high table doing practi¬ 
cal work, majority of them woik in un¬ 
favourable conditions regarding lighting and 
their position is such that the teacher expeii- 
ences difihculty in looking after and check¬ 
ing their work. In the pioposed study room 
the teacher has better command over the 
class and is in a better position to give gui¬ 
dance to pupils 
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JN the task of implementing the Secondary 
School Science Teaching Project the 
Biology group of the Department of Science 
Education of the N.C.E.R.T. and the UN¬ 
ESCO team of experts have prepared a new 
syllabus in biology. It is mainly based on 
on the idea that biology (along with chemistry 
physics and mathematics) should be taught 
as a compulsory and separate subject for all 
the students of the middle and the senior 
high school classes m the secondary schools. 
At present in Delhi schools science is taught 
as general science upto VIII class and then 
pupils read science as elective subjects from 
class IX to class XI But from the year 1968- 


1969, all schools in Delhi have adopted the 
teaching of biology as a separate subject 
from cl. VI onwards. This follows a trial 
peiiod of 3 years in which the subjects were 
taught as separate disciplines in about 30 
schools as pait of the experimental project 
undertaken by the NCERT, in collabora¬ 
tion with a team of experts from the 
Unesco. 

The main objectives of the Biology course 
under this pioject can be stated as follows: 

1. To give a comprehensive and syste¬ 
matic knowledge of the world of living 
things and of man, on a scientific 
basis; 

2. To discover the basic principles of 
modern biology. 

These main goals have in the long run 
determined the content and structure of the 
biology syllabus. It was found that the 
optimum structure in accordance with the 
basic objectives of the course is to combine 
naturally: 

(a) a systematic study of plants, animals 
and man, (at the middle stage;) and 

(b) consideration of the umfying principles 
and concepts of biology (in the senior 
high school stage). 

Generally the construction of the biology 
course for the secondary school is based on 
a flexible line of development. 

Teaching time 

In order to study properly the topics 
suggested in the Biology Course the lessons 
have to be covered in 540 periods during the 
six years of the school, taking three periods 
per week during each school year. Actually 
a lesser number of periods per year is sug¬ 
gested in this syllabus. This allows teachers 
some freedom to use about flee periods per 
year for revision or tests or other adjust¬ 
ments to the programme. 
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Characteristic features of the Biology Course 
for the middle schools 

The syllabus for the middle stages is drawn 
up in order to give the pupils a basic know¬ 
ledge of the living world surrounding them. 
They need this knowledge in their everyday 
life and in their work in diffeieiit spheres of 
occupation especially in agriculture, health 
and medical services. It is for this that the 
relationships of biology to agriculture, human 
nutrition, health, medicine, t problems of 
family planning and economy are stressed 
According to this objective the course is 
intended to give the pupils of the middle 
schools classes a thorough understanding 
of the following aspects of biology; 

1. Familiarity with the most common, 
important and interesting groups of 
plants and animals m their environ¬ 
ment. They must know something 
of the diversity of plants and animals. 
They should know their main charac¬ 
teristics, modes of life and their im¬ 
portance. 

2 There should be a good undeistanding 
of the basic structure and knowledge 
of the life activities of plants, animals 
and of man 

3. The pupils should understand the mam 

trends in the evolution of the organisms 
from the simple to complex The 

basic idea of evolution must be referr¬ 
ed to even while studying the structure 
and activities of plants and animals. 
The concept of adaptation should be 
introduced wherever possible The 

need for correct management of plant 
and animal resources and conservation 
should be a continuing theme. Prob¬ 
lems of contolling harmful animals 
and plants should also be considered. 

4. The course should provide a general 
picture of the living woild and man’s 
place in it. It should also bring out 


the links between man, the plant and 
the animal world. At the same time 
we should clearly understand that the 
principle of linear construction has 
some advantages and some disadvan¬ 
tages. To strictly adhere to a linear 
development might lead to the danger 
of following a very traditional approach 
to the biology course. It can turn into 
an old-fashioned description of plants 
and animals and their diversity as a 
series of isolated facts To avoid this 
danger the syllabus and textbooks have 
enough material on the ecology, the 
importance and utility of plants and 
animals, and also a comprehensive 
understanding of some basic princi¬ 
ples of occurence and development of 
living things Great care should be 
taken in the training of teachers to 
ensure that the diversity of plants and 
animals is taught to emphasise an 
enviromnental approach to this part 
of the whole biology course. 

The second probable defect of this structure 
is the impossibility of achieving all the ob¬ 
jectives till the end of the total course. This 
'problem is partly solved in the revised sylla¬ 
bus, by including a section on “Man and 
his envu'onment” which brings together the 
main ideas of the whole biology course for 
the middle stage and stresses the significance 
of these ideas in the day-to-day life of the 
pupils. This section also gives some under¬ 
standing of relationships between the living 
and the non-living world; a simple analysis 
of the biological events occuring in agricul¬ 
tural fields and a general consideration of 
the way man should learn to control, manage 
and conserve the resources of his environ¬ 
ment. In short, this section is a conclusion 
of the middle school biology, and at the same 
time it acts as a bridge to the senior high 
school biology. 
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Even as these measures remove the effect of 
the drawback of this structure its merits 
become more significant. The biology 
course allows pupils to get a much more 
systematised and logical organised knowledge 
of the living things serving man in his every¬ 
day life. The principle of a sequential study 
of plant and animal worlds and man’s body 
is most comprehensive for pupils of the age 
12-14 years (classes 6 to 8). 

To this end the method of teaching should 
emphasise experimental and practical work 
in classes and observations in nature thiough 
field excursions. Wherever possible the topic 
should be introduced in the form of problems 
and pupils should be helped to find solution 
to these problems. The whole programme 
therefore is based on activity by the pupils 
as well as the teacher. 

Characteristic features of the Biology Course 
in senior high school 

The main aim of this course is to enable 
pupils to develop an understanding of the 
basic laws and regularities governing the 
structure, origin, occuirence and develop¬ 
ment of living things. The course is pre¬ 
sented as a unified programme explaining 
the main principles of modern biology. The 
topics are based on the material of the pre¬ 
ceding portions m biology covered in the 
middle school stage (Botany, Zoology, 
Human Anatomy and Physiology), summing 
up the knowledge obtained by pupils earlier 
and giving them a deeper understanding of 
the basic principles. At the same time the 
course includes fresh topics chosen to ex¬ 
plain the life processes in the organism. 
This portion of the Biology Course is being 
referred to as “General Biology” for want 
of any other way of describing it. The 
following are the most important topics 
dealt with; 

1. Fundamentals of molecular biology. 


2. Genetics. 

3. Evolution. 

4. Fundamentals of ecology; and 

5. Conservations of nature 

The course of General Biology covered in 
the senior high school has three principal 
objectives: 

1. To present in a comprehensible form 
and on the level of modern science, 
systematised ideas of the world of living 
things. 

2. To reveal the basic laws and regularities 
in the structuic, function and develop¬ 
ment of living matter at various levels 
of biological organization. 

3. To give an understanding of the methods 
used by biologists in investigation 
problems. 

The structure of this syllabus allows the 
pupils to understand the unity and coherence 
of biology as a discipline. At the same time 
it provides a systematic review of the world of 
living things. This course of General Biolo¬ 
gy is built on the basis of tlie following few 
principles, 

1. Modern scientific ideas at the levels of 
biological organisation of living 
substance, mentioned below: 

(i) Molecules and cells. 

(li) Organisms 

(iii) Populations and natural communi¬ 
ties, 

2. The educational principle of gradual 
elaboration of the material studied. 

The suggested syllabus retains the distri¬ 
bution of the material according to the three 
basic levels of biological organization. FIow- 
ever, the sequence of their study emphasises 
the educational rather than the biological 
criteria. Logically it will be more appro¬ 
priate to start a course for modern Biology 
with a study of cells, proceeding then to 
organisms and finally to populations. But 
the study of cells is difficult at this stage and 
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requires a good understanding of physics, 
and chemistiy Because of tins study of the 
cells has been ineluded later in the pro¬ 
gramme instead of at the very beginning 
It IS felt that this departure from the logical 
sequence of the discipline will be more than 
compensated by the educational advantage 
gained. It leaves the most difficult part of 
the course for the more senior classes' where 
the pupils who have gamed a good knowledge 
of physics and chemistry. 

This course includes discussion of some 
problems and topics already dealt within 
the programme for the middle school How¬ 
ever, this is aimed exclusively at achieving 
a more profound understanding of the basic 
principle. 

For instance, the structure of the cell has 
been introduced in a simple way in Part I 
of the Biology Course In part V, however, 
the structure and function of the cells are 
studied in a new level There are now ex¬ 
plained in terms of molecular biology As 
another example, the organ systems of vei- 
tebrates, including man, were discussed in 
Parts II and III. Now in Part IV they are 
studied in a diffeient way. The structure 
and function of selected systems are taught 
in a comparative basis, to enable pupils to 
understand the underlying unity and gradual 
development of the animal world and provide 
evidence that evolution has in fact occurred. 

Some organ Systems are studied in detail, 
enabling the pupils to have an understanding 
of the frontiers of knowledge. Topics such 
as the nature of the nerve impulse and chemi¬ 
cal control of reproduction for example 
are being studied intensively by research 
workers. A modern course in science should 
take students to the point where they can 
appreciate these topics. 

One of the key ideas underlying the syllabus 
is the close relationship between the basic 
principles of biology and the contemporary 


needs and requirements of economy, agri¬ 
culture and medicine. It is with this aim 
in view that the topic ‘Conservation of 
Nature’ has been included. This topic 
forms an important section of the course of 
biology. It helps in the analysis of man’s 
relationships with nature as well as a consi¬ 
deration of the ways of maintaining our 
environment for the future. The normal 
balance in nature and consequently the 
guarantee that life will continue to exist on 
the earth depends on our understanding of 
this principle. 

In each section of the course the part 
played by biology in human welfare would 
be emphasised. Special attention is given 
to the role of biology in the future of man; 
its importance in producing an abundance 
of food and raw materials; its role in putting 
man into outer space; its conquest of diseases 
and old age, and its role in the understanding 
of ourselves and our total environment. 

The syllabus also envisages preparation 
of instructional materials which would take 
into consideration both modern methods of 
teaching and the rapid expansion of scien¬ 
tific knowledge. 

Use would be made of demonstrations, 
experiments, individual observations of nature, 
readings from scientific and popular books 
and organized field studies. The main 
educational aim of this general biology 
course is to give pupils a deep understanding 
of the process of scientific enquiry and deve¬ 
lopment of science. It should enable the 
pupils to adopt creatively modern ideas of 
biology and encourage them to apply this 
knowledge and understanding to the solu¬ 
tion of daily problems. 

Conclusion 

The total course in biology beyond the 
primary school forms a continuous and 
coherent programme, It combines a sys- 
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tematic study of plants, animals and man 
made in the middle school stage with a 
consideration of the general concepts and 
unifying principles treated at the high school 
stage. 

At least one of the generally accepted 


educational objectives of biology is to help 
the teacher to develop the pupil’s indepen¬ 
dent thinking, to teach him to realise the 
essence of the process of scientific develop¬ 
ment, to prepare him to adopt creatively the 
new ideas which would bo given to the world 
by the science of biology in the near future. 


APPENDIX I 

Main topics of the Biology course for the Secondary Schools 
(Classes 6—11 in Delhi Schools) 


Middle stage; 270 periods; 3 periods per week 


Part t (class 6) 

85 

periods 

A. Botany 

85 

periods 

Part II (class 7) 

85 

periods 

B, Zoology 

as 

peiiods 

Part III (Class 8) 

85 

periods 

C. Human physiology 

68 

periods 

D. Man and hi.'i environment 

[7 

periods 

Higher stage: 270 periods; 3 period-; 

per week 

Part IV (Class 9) 

85 

periods 

A. Introduction, the basic principle of the structure 
and process of life 

2 

periods 

B. The organism 

30 

periods 

C. Natural communities 

53 

periods 

Part V (Class 10) 

85 

periods 

D. The molecule and the cell 

85 

periods 

Part VH (Class 11) 

85 

periods 

E Fundamentals of genetics and selection 

43 

periods 

F Evolution 

40 

periods 
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T^HAT is pre-medical education^ Etymo¬ 
logically, it could mean all the educa¬ 
tion or the lack of it that preceded the arrival 
of a student at the portals of a college of 
medicine. Practically, however, it refers 
to that phase of education prior to regular 
medical studies in human anatomy and 
physiology which includes the study of 
natural sciences, humanities and behavioural 
sciences and which is designed to provide 
a comprehensive general education. It aims 
at a balanced education in humanistic and 
scientific studies in order to generate con¬ 
tinued interest in the phenomena of living 
organisms (W.H.O. 1961). Elective studies 
in depth m some selected areas and intro¬ 
duction to the expeiimental method are 
additional features of the pre-medical edu¬ 
cational programme in some parts of the 
world. 

Paper read before the All India Medical Educa¬ 
tion conference held in New Delhi in January 1969. 


There is at present a conflicting variety 
of patterns of school and higher education 
in India (Report of the Education Com¬ 
mission, 1966). It has been aptly remaiked 
that the pre-school stage is characterised by 
no formal education and no work, the school 
stage by full-time woik and no education. 
Our present system of secondary school 
education demands that our boys and girls 
must decide their future careers at IX 
class level at the age of 13 or 14 Once this 
IS done, they enter, in ahnost all instance, 
an irrevocable path of diflferentiation. For 
those who wish to proceed to medical studies, 
the emphasis on the pre-medical subjects 
physics, chemistry and biology is progress¬ 
ively mtensified during the lemaiiiing years 
of school and the pre-medical period at 
college resulting in a ‘virtual arrest’ of deve¬ 
lopment in language, literature, arts, history 
and even mathematics. The courses are 
largely directed towards imparting a cer¬ 
tain quantum of memorised knowledge with 
the mam object of passing a stereo-typed 
examination There is an early restriction 
of thought and action and instruction pro¬ 
ceeds along narrow grooves with set courses 
largely devoid of active learning opportunities 
(Ramalingaswami 1965). As Dr. Kothan 
in his introduction to the Education Com¬ 
mission Report has stated, “the single most 
important thing needed now is to get out 
of the rigidity of the present system.” 

What is formally designated as pre-medi¬ 
cal course consists of one or two years of 
preparation in which physics, chemistry, 
biology and one or two languages constitute 
the essential subjects of study. The one 
year course is taken after passing thiough a 
Higher Secondary or a Pre-University Course 
and the two-year course is taken after matri¬ 
culation. 
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The coafereace should take note at this 
point of the far-reaching recommendations 
made by the Education Commissionpopularly 
known as the Kothari Commission. The 
10 year period of undifferentiated geneial 
school education proposed by the Com¬ 
mission without any specialisation so that 
no streaming occurs in schools up to Class 
X, together with the experiments that arc 
being conducted by the National Council 
of Educational Research and Training on 
the teaching of physics, chemistry, mathe¬ 
matics and biology as parts of the total 
science course fiom the middle school on¬ 
wards, ai e encouraging trends in the horizon 
of pie-medical education. The new Middle 
School syllabus in physics foi example is 
designed to provide a cleat uiidoi standing 
of basic theories with the help of simple 
experiments performed by the students 
themselves. In biology, the middle school 
course gives an undei standing of the struc¬ 
ture and function of plants and animals, 
acquaints the pupils with the world of living 
things which suirounds them, enables them 
to discovei the main laws governing the 
legulatory processes, gives them an undei- 
standing of the natuie of science and the way 
scientists work, and creates in them a scien¬ 
tific attitude to problems of cveiy day life. 
The emphasis is on relationships of living 
things to their environment and on their im¬ 
portance to man. Links with agriculture, 
human nutrition, health, medicine and 
economy are stressed. The course thus 
presents a progiamme of environmental 
biology and is not taught as a formal course 
of morphology and taxonomy of plants and 
animals. One can only hope that the le- 
commendations of the Education Commis¬ 
sion with regal d to general school education 
together with these experiments on the teach¬ 
ing of science at school would be implemented 
on a wide scale tbioughout the country. 


These developments would exeit a profound 
influence on the quality of entrants to the 
pic-medical courses. 

Objectives of Pre-medical Education 

The objectives of Pie-medical education 
cannot be divorced from those of medical 
education itself. Indeed the formal medi¬ 
cal course of 4^ yeais together with the year 
of internship is but one segment of a much 
longer process; much of vital importance 
takes place before and much after (Tuner 
1963). The emphasis should be on a con¬ 
tinuous stretch of the student’s mind; the 
major discontinuity and the wide gap that 
now exists between pre-medical and medical 
education must be bridged and every oppor¬ 
tunity should be seized to integrate better the 
teaching at these two stages in the continuing 
process of medical education. 

The confcience has to debate and decide 
what is the kind of a physician that they 
would like to be trained in India in the present 
context, For on this will depend, to a large 
extent, the objectives of pie-mcdical educa¬ 
tion. Do we need to train a prototype of a 
physician who would be mainly a cimician 
in the style of osier, well versed in the art 
of medicine but who may not necessarily 
meet the ciitena for a scientistDo we 
need a ‘scientist-physician’, the new typo of 
academic physician that emerged as a result 
of the explosion of scientific knowledge that 
took place following the Second ’World War? 
Do we need a ‘primary physician’, a type 
of ‘social scientist physician’ who was the 
hero at the time of the Third World Confe¬ 
rence on Medical Education in 1966, whoso 
essential task was to improve the delivery 
of medical care; or else, do wc need on 
this day, the 4th January, 1969, “a physical- 
scientist-physician” m line with the great 
contemporaiy advances in physical sciences 
as applied to medicine (Funkenstein, 1968)7 
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Or a combination of all these types in one ? 
We can be certain that this is not the end of 
evolution of the physician prototype as the 
remaining part of the 20th century unfolds 
itself The type of physician that a society 
demands at any particular time depends on 
its living standards, its stage of scientific 
and technological development, its cons¬ 
ciousness of health. There has been much 
discussion in the past on the objectives of 
medical education; there will continue to be 
more discussion in future. 

But whatever objectives are envisaged for 
medical education, there would perhaps be 
no disagreement, with the objectives of pre¬ 
medical education when they are slated in¬ 
general terms to provide a basic core of know¬ 
ledge m physical and biological sciences in 
the context of a broad liberal education. 

The courses must introduce the student to 
processes rather than to an array of assorted 
facts. The development of skills in applying 
the scientific method of capacity to analyse 
and interpret data and finally to synthesise 
the bits of evidence into a meaningful whole 
should be the main objectives (W.H.O. 1964). 

Duration of Pre-medical Education 

Formal pre-medical education at the present 
time occupies one year of study after a candi¬ 
date has gone through the Higher Secon¬ 
dary or the Pre-University Course. There 
is,,; I believe, much repetition in the courses 
offered for the higher secondary and pre¬ 
medical studies and no sequential develop¬ 
ment of a student’s intellectual processes. 
The mere addition of months or years to a 
course does not make it any better. The 
notion that the longer one stayed at school 
the better one gained in knowledge and matu¬ 
rity is now out-moded. The provision of 
appropriate opportunities and experience is 
of the essence. There is indeed a serious 
suggestion made by Machlup (1962) in the 


U.S.A. that school education which until 
now inquired 12 years in that country 
could be reduced to 9 or 10 years with attain¬ 
ment of the same educational objectives by 
acceleration of the learning process. A 
similar recommendation has been made by 
the Education Commission whose revised 
proposals now contemplate the coverage of 
the hitheito eleven years school course in ten 
years time. If widely accepted, the commis¬ 
sions proposals would provide two years of 
continuous and integrated study of pre¬ 
medical sciences after 10 years of school and 
this should result in a better and a more 
closely integrated pre-medical education. 

Content of Pre-medical Education 

The basic education of a physician is 
essentially the same as that of any other 
learned profession. There is, therefore, no 
important differences between the standard 
required of medical student and those studying 
other subjects at the university. As the Picker¬ 
ing Comnuttee on the new medical school in 
Nottingham University observes, a medical 
student is a science student with the difference 
that the material content of his study is orien¬ 
ted to man and his diseases (Report of the 
Medical School Advisory Committee, 1965). 

A curriculum is no better than its teachers 
and the manner in which the course is given 
is more important than the course itself. In 
giving an outline of the content of pre-medi¬ 
cal course, I would like to emphasize that 
this is not meant to be universally appli¬ 
cable but IS just one example. The basis 
of medicine lies in biology and as the WHO 
Expert Committee on Professional and Tech¬ 
nical Education of Medical and Auxiliary 
Personnel has observed in 1964, biology should 
be taught as a dynamic, multilateral and 
comparative science ranging from the molecu¬ 
lar level to that of individual human beings, 
communities and populations. Today, bio- 
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logy is still taiight in our pre-modical courses 
for the most parts along phylogenetic and 
taxonomic lines and on dead specimens 
preserved in museum jars, Tlic teaching of 
systematic zoology and botany should be 
limited to that necessary to establish the 
place in nature of man and of those airimals 
and plants of importance in disease or in 
medical research. Basic concepts of the 
structure and function of living organisms, 
embryogenesis, evolution, comparative ana¬ 
tomy and physical anthropology, cytology, 
fertilization, growth development and ageing 
should figure prominently in the course. The 
teaching of biology should continue 
throughout the preclincal and clinical periods 
of instruedon as well. 

Physics and mathematics are closely allied 
to one another. Their essential functions is 
to facilitate precise and accurate habits of 
thinkmg. Modern developments have clear¬ 
ly brought out the importance of the physi¬ 
cian and the physicist working together. The 
use of X-ray diffraction has helped consi¬ 
derably in revealing the structure and 
configuration of large molecules. Recent 
advances in physics have opened up a new 
range of applications to medicine. Of the 
various conventional divisions of physics, a 
study of electrical phenomena, mechanics, 
hydrodynamics, thermodynamics, optics, 
nuclear physics and radioactivity is of parti¬ 
cular importance. The nature and biologi¬ 
cal effects of ionising radiations carry several 
implications and will be a recurring theme 
throughout the medical course but its roots 
must be sown at the level of the pre-medical 
education. 

Chemistry is an experimental science and 
must be treated as such. Students must be 
encouraged to make observations on prob¬ 
lems rather than observe set demonstrations. 
Chemistry is a rapidly expanding field and the 
question often arises how much chemistry 


in the pre-medical courses. Of the various 
subdivisions of chemistry, physical and or¬ 
ganic chemistry arc of outstanding impor¬ 
tance for a proper appreciation of biological 
and pathological chemistry. 

The early specialization which is demanded 
today in secondary education together with 
the tremendous impact that science is making 
on society has lead to serious inroads into 
the time available for a liberal education in 
humanities and behavioural sciences. In the 
setting of the U.S., it has been stated that 
the liberal arts tradition is dead or dying 
Barzun (1964) says that the preprofcssional 
college courses are being invaded, not to 
.say dispossessed, by the advance agents of 
the professions. The cry is heard everywhere 
that talent must be developed into compe¬ 
tence as early as possible. As Barzun says, 
the speed of events in this sphere is so groat 
that to resist this trend would bo like 
attempting to sweep back the ocean. 

It is just as well to remind ourselves that 
medicine is practised not in a world bounded 
by science alone but in one in which humanis¬ 
tic and social influences are playing an im¬ 
portant influence both upon the physician 
and his patient. The place of language and 
literature has been discussed this morning. 
The study of humanities ought to provide 
the student with an inteUigont understanding 
of his past and of the great ideas that have 
moulded civilisations. Experimental psy¬ 
chology, cognative psychology, social psy¬ 
chology, social anthropology and psycho- 
dynamics are all intimately related to human 
behaviour. Some acquaintance with those 
subjects is desirable although obviously none 
can be taught in any depth. There is a 
steadily growing appreciation of the impor¬ 
tance of psychology and social factors in 
disease and illness, and the need for a sys¬ 
tematic education of the physician in this 
area is widely felt. The process of educa- 
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tion in tliis sphere should begin in the pre- 
niedical period and continue throughout the 
medical course. 

Conclusion 

The main purpose of pre-medical edu¬ 


cation is to develop a love of learning and 
a discipline of the mind. Its content 
is embedded in the framewoik of 
natural scienceSj humanities and social 
sciences. 
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^HE prosperity and strength of a country 
are dependent on the level of scientific 
achievement, and on its capacity to make use 
of that knowledge to serve practical ends. 
The major criterion foi scientific advance¬ 
ment is generally accepted to be creativity. 
The most obvious avenue for creative effort 
is the enlargement of knowledge through 
research. The 20th century, especially the 
last 30 years, has seen rapid advances in 
research in all disciplines of science parti¬ 
cularly life sciences. It is said that man has 
learnt more during the last three decades 
about the essential life processes than during 
all the preceeding centuries. If this progress 
is to be maintained and accelerated, we 
require better trained scientists. One of the 
ways to achieve this is to give utmost atten¬ 
tion to the teaching of science at the school 
level. The role of basic researches and 


problems of biology teaching in schools ate 
discussed in the following pages. 

Role of Basic Researches 

The teaching of biology should be based 
on basic researches and the teaching methods 
as well as the revision of curriculum sliould 
proceed hand in hand -with the advancement 
of knowledge. One of the impoilant as¬ 
pects of basic researches in biology concerns 
the understanding of fundamental principles 
governing lifeprocesses at organismal, organ 
and tissue, cellular and subcellular levels. 
There is a general feeling that the biology 
taught to the school students does not ade¬ 
quately reflect the current stage of knowledge. 
The change of the curriculum, theiefore 
becomes inevitable. The existing courses 
do not empliasizo the major concepts but 
are mainly concerned with the details of 
nomenclature, classification and moipholo- 
gical description. In the development of 
new curricula and the keeping of existing 
ones up to date, there is a need for identify¬ 
ing the organisms which are most suitable 
for teaching biology in any particular geo¬ 
graphical region. The following may be 
useful in finding organisms suitable for 
teaching biology in a given region. 

(a) Publications made by Teacher Asso¬ 
ciations, 

(b) Publications from biological research 
units organised by government de¬ 
partments. 

(c) Resource newsletters from the uni¬ 
versities. 

(d) Newsletters or journals published by 
science associations including Asian 
Association for Biology Education 
(AABE) 

(e) The offering of incentives to teachers 
for experimenting on the problem 
of finding suitable organisms. These 
incentives may be in the form of salary 
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increments, merit awards, etc, 

. (f) Using the examination system, to give 
credit to those who have worked on 
the problem of finding suitable local 
organisms. 

(g) In-service training could be utilised 
for developing experimental work for 
the finding of suitable local 
organisms. 

The problem of supply of suitable orga¬ 
nisms for class use frequently arises. This 
can be achieved, to a limited extent, by tak¬ 
ing help from the universities and research 
institutions. It would be ideal if the teacher, 
with the help of students and laboratory 
staff, could collect the materials from local 
sources. The coimnercial supplies should 
be utilised where a particular material needed 
for class work may not be available locally. 

The transmission of findings of basic re¬ 
searches in an understandable form to the 
students is very important. This cannot 
be acliieved without the close cooperation 
of the university and the government re¬ 
search staff. To accommodate the results of 
latest findings, it would be imperative that 
there is a continuous curriculum revision 
The revision of curiiculum should be en¬ 
trusted to a committee consisting of represen¬ 
tatives from the universities and schools. 
The role and impact of basic researches 
should be communicated to the school 
teachers through publications especially 
designed for this purpose. To some extent, 
this is being done through a journal like, 
the School Science published by the Na¬ 
tional Council of Educational Research and 
Training, New Delhi. School science jour¬ 
nals should, thus, form an important channel 
for the transmission of modern knowledge 
gained through recent researches. Other 
similar means of coimnunicating the infor¬ 
mation would bo news-letters and pamphlets 
from Science Education Centres, Science 


Associations, AABE, and commercial pub¬ 
lishers. It would be proper for the govern¬ 
ment organisation to stimulate private com¬ 
petent individuals to publish monographs 
on recent researches in biology. Suitable 
textbooks should also be written and re¬ 
vised frequently in view of the new develop¬ 
ments. Since publication of textbooks in 
India is not under the direct control of the 
government, only such of the textbooks 
which contain up-to-date information should 
bo recommended for use by the students. In 
India the textbooks are generally recommend¬ 
ed by the State Departments of Education, 
or the Boards of Secondary Education of the 
State. This is usually done by the Text¬ 
book Committee, or the Committee of 
Courses of the subject concerned. 

Another method of transmitting the fin¬ 
dings of basic researches to the school tea¬ 
chers IS by arranging for their iii-service train¬ 
ing courses. This is being done in India 
tlirough the organisation of Summer Insti¬ 
tutes during the last six years. The Summer 
Institutes aim at reviewing basic principles 
in the light of recent advancements. Through 
this programme the schools are encouraged 
to adopt new curricula and courses aimed 
at meeting present-day needs. Short dura¬ 
tion seminars and study circle meetings 
can also help in this direction. These may 
be organised by Science Associations and 
Scientific Institutions of higher learmng. 
The Department of Education of some of 
the States in India organises such short dura¬ 
tion courses for the benefit of its school 
teachers. The one-year teacher educa¬ 
tion course (Bachelor of Education) after 
M.Sc. is a pre-requisite for recruitment as a 
science teacher for teaching higher secon¬ 
dary classes. This course includes a study 

* In India, of the 11 year school system, Classes 
IX. X and XI are regarded as higher secondary 
classes. Such schools are designated secondary 
or higher secondary schools. 
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of the principles of education, educational 
pyschology, school management, history of 
education, and methodology for teaching the 
subject of specialization (biology). During this 
training the would-bo school teachers should 
be given instruction in the methodology of 
teaching the more important modern topics. 

The findings of basic researches can also 
be communicated through films especially 
made for this purpose. The Indian Society 
of Genetics and Plant Breeding, in 1965, 
presented 'The Secret of Life” in the form 
of a ‘Ballet’ which has since been filmed. 
This Ballet seeks, through the medium of 
music, dance and mime to interpret the reality 
of the concepts which lie at the frontiers of 
modern science. The scene of the action 
is inside the cell The dancers, at first 
representing parts of the basic atoms, show 
how the first organic molecules were deve¬ 
loped from inorganic molecules. Later, 
they demonstrate the structure of deoxyribose 
nucleic acid by portraying the arrangement 
of its nitrogenous bases and, next, they indi¬ 
cate in mime, how the genetic code operates 
in building proteins with amino acids. Finally 
the ballet turns to the ancient symbol 
of creation, the Dances of ‘Shiva’—the 
humble recognition of the fact that science 
has not yet solved the ultimute mystery of 
life. The most recent subject of DMA and 
its importance has thus been presented in a 
a form which can be undeistood not only 
by students of science, but even by laymen. 
More films of this kind should be made in 
area of biology and related sciences where the 
school teachers might not be familiar with 
modern concepts. 

The promotion of basic research in schools 
although desirable, poses certain difficulties 
on account of shortage of time and finances 
in most school situations. There is no 
doubt that the teacher who undeitakes even 
a small piece of research views the subject 


in a more lively way. Teachers who are 
interested m conducting research in their 
spare time should be encouraged to do so 
and facilities should be provided at the uni¬ 
versities and government institutions. To 
initiate school icachens into a icsearch pro- 
giammc, short time research projects should bo 
airangcd at the Summer lnstitute.s'. Research 
for higher secondary school students is 
also to be encouraged through science clubs, 
and giving them open-ended laboratory 
exercises. It may be pertinent to mention 
here that a group of students selected after 
Higher Secondary, on the basis of a compe¬ 
titive test, arc given training in methodology 
of research at the Summer Schools. In 
order to Identify promising students in science 
and provide thorn necessary encouragement 
for pursuing higher studies in basic sciences, 
the National Council of Educational Research 
and Training in India has been operating a 
scheme of Science Talent Search since 1963. 
Under this scheme a number of scholarships 
arc awarded to raeritorius students who pos¬ 
sess an aptitude for studying science. The 
scholarship continues till the student gets his 
doctorate in the subject of his specialis tion. 
The selection is based on a science aptitude 
test of which the submission of a project 
lepoiT forms an integral part. This report is 
based on the fact that the student should have 
considerable creative thinking, experimental 
work, critical observation, and comprehen¬ 
sive expression, Those scholarship awardees 
are given short icsearch projects in the modern 
fields of biology at specially organised Sum¬ 
mer Schools during vacation period. 

The objective of teaching is to inculcate in 
the students a habit of deep thinking, appraisal 
of scientific facts, keeping in view the back¬ 
ground information, present status of know¬ 
ledge, future trends, and unsolved problems. 

The role of basic researches m solving 
some of the human problems should also 
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be taught. This may be illustrated with the 
help of a few examples The study of evo¬ 
lution will acquire more meaning if the stu¬ 
dents were told about Charles Darwin’s 
outlook and the chcumstances which led 
him to formulate the concept of Natural 
Selection. The concept itself is important 
no doubt but much moie impoitant is the 
impact that this concept hud on human 
thinking. The publication of ‘Oiigin of 
Species’ was a great event of the nineteenth 
century and led to the decline of the in¬ 
fluence of the church in human affairs. One 
of the best evidences which can be given 
in favour of the idea of evolution is from 
the artificial synthesis of a naturally existing 
forms. An example showing the identical 
nature of the artificially ; synthesized and 
the naturally-occurring form would be a 
veiy convincing evidence for evolution having 
taken place. 

We may select the ‘cell’ as the second 
example. The oiiginal concept of cell, as 
put forward by Robert Hooke, envisaged 
that these were compartment-like structures 
as seen in a slice of cork. The word, cell, 
has since been retained but the meaning has 
undergone much change in the light of basic 
researches made possible by the improve¬ 
ment in light microscope and invention of 
electron microscope. The development of 
our knowledge of the structure and function 
of the nucleus has been most spectacular. 

Beginning with the discovery of the nucleus 
by Robert Brown we have moved very far to 
the structure of DNA and its role in heredity. 
A number of geneticists and biochemists 
have been awarded Nobel Prize for their 
brilliant researches in this field. 

Other areas where much new knowledge 
has resulted are those of physiology and 
ecology. The two are so closely related to 
each other that they cannot be taught 
separately. One of the most important 


aspects which has drawn world-wide atten¬ 
tion is the food problem This is essentially 
due to the ‘population explosion ’ The Inter¬ 
national Biological Programme (IBP) is res¬ 
ponsible for a number of research projects 
111 various parts of the world, especially 
ecological research concerning productivity. 

The basic reseaiches mentioned above, 
and iiumeious others, should indeed form 
a basis of high or higher secondary school 
biology leaching 

Discovery Method 

The method of instruction is equally im¬ 
poitant as imparting up to date information. 

The present method of teaching biology 
is mostly by deductive exposition, that is, 
handing out of the factual material directly 
by the teacher to the students. It is now 
strongly felt that a better method of teaching 
would be that the students would work for 
themselves to be the inquirers and the re- 
cordeis of actual experiences instead of being 
the recipients of deductive lessons. In fact, 
the major fault in the teaching of biology 
and even other sciences, particularly at the 
school level, has been the emphasis on 
authoritative content rather than on mvesti- 
gative processes of science. The core of the 
scientist’s way of life is inquiry. The art 
of investigation requires brushes and tools 
of a special land. Just as a good painter 
learns to paint by painting, the student 
of science can learn better by actual investi¬ 
gation. The discovery of the inductive 
method of teaching, aims at training pupils 
to think, to handle ideas themselves rather 
than memorize the factual material given 
by the teacher of gathered from the text¬ 
books. In other words, this is a method by 
which the pupils are encouraged to find 
the facts of science by themselves and there 
is an opportunity for potential scientists to 
excercise their ingenuities instruction should 
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especially prove useful in the teaching of 
biology where we are dealing with living 
material. With the present method of 
teaching, students seem well-versed in the 
factual material of biology although unable 
to relate this knowledge in a meaningful 
way. They arc often completely helpless 
when it comes to setting up even the simplest 
kind of research project on their own. Even 
the graduate students who have been dec¬ 
lared as brilliant on the basis of their exa¬ 
mination results are often found lacking in 
the understanding of tlie basic concepts of 
biology. This is mainly due to the defective 
way in which biology was taught to them. 
The facts we discover for ourselves are better 
understood and remembered than those we 
get from others. This principle seems parti¬ 
cularly appropriate In the teaching of science 
subjects where the great achievements take 
the form of discoveries. The scientist works 
in order to discover and he continues to 
work so long as he has a chance to discover. 
There is no reason as to why any serious- 
minded student of science should bo denied 
the same motivation, It may, however, he 
made clear that the teaching of biology by 
the inductive method does not mean that 
the student is to discover the whole of biology 
or even any appreciable part of it by him¬ 
self. Any one conversant with the history 
of biology, or for that reason any science, is 
aware that it takes generations of brilliant 
scientists to discover what is often referred 
to as a simple scientific fact. This can be 
easily exemplified if we trace the develop¬ 
ment of our knowledge which finally led to 
the discovery of the ‘circulation of blood’ 
but which IS now considered to be a simple 
fact. The various disciplines in biology 
constitute a vast accumultation of the dis¬ 
coveries of a great many men, It must be 
transmitted either in the form of books, lec¬ 
tures, demonstrations or laboratory practi- 


cals, or in the forjn of investigatory exercises 
requiring original thinking. How much of 
biology is to be taught, how much is simply 
to be made available in recorded form, and 
how much is to be left for rediscovery are 
questions concerning the available time 
and energy and interest of teachers and 
students. 

For the successful implementation of the 
discovery approucli as a method of teach¬ 
ing, skilful questioning is essential, The 
teacher considering the background of his 
pupils may set up a problem, Through skil¬ 
ful questioning the teacher draws forth from 
students their own observations and con¬ 
clusions. In the classical method of teach¬ 
ing biology, when the students arc doing the 
experiment or watching the demonstration, 
they already know the results beforehand. 
Hence, much of the stimulus in learning 
is lost. For the succosful operation of the 
discovery method, the teacher may have to 
build up the necessary background of his 
class La order that his pupils may carry out 
a proper investigation of a problem. Again, 
the background to bo provided depends on 
the calibre of his class. It is very impor¬ 
tant that the teacher sets up a problem which 
is well within the general calibre of the 
group he is dealing with. 

Curriculum 

A proper school environment is essential 
in order that the students get the maximum 
opportunity to learn as to how to investi¬ 
gate. A broad approach to the cirriculum 
is necessary for creating a more adequate 
environment for investigation. The revision 
of a biology syllabus poses a number of prob¬ 
lems. A single syllabus with specific topics 
may not be hked by all the school teachers 
who may like to approach from an indepen¬ 
dent standpoint of their interest and back¬ 
ground training. There is a strong feeling 
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that the biological knowledge for the intro¬ 
ductory courses should be presented in such 
a way that one may realise the integrity of 
the unity of the biological system. This 
would imply that the syllabus at the school 
level should be for biology and not for 
botany and 20 ology. In order to have a cor¬ 
rect view of biology, we can no longei be 
satisfied without incorporating recent pi og¬ 
ress in the fields like molecular and space 
biology into the traditional framework of 
the presentation of knowledge. Further, 
the education in biology should also be re¬ 
lated to the major activities and problems 
of the time. A biology course consistent 
with our times would be more realistic, excit¬ 
ing and useful. Some of the applied 
problems like the pollution of water supplies 
and the biological effects of nuclear radia¬ 
tions are likely to interest students. The 
revision of a biology syllabus at the school 
stage should not, however, reduce the 
general nature of the liberal education. A 
revised syllabus should cover all aspects 
of the life sciences, the most modern as well 
as the most traditional. This would evi¬ 
dently require abandoning of both historical 
order in the presentation of knowledge and 
compartmentalization along the lines of 
classical disciplines. In order to include 
topics of modern biological interest reduction 
of topics of classical biology is necessary. 
The over-emphasis on various plant and ani¬ 
mal phyla, for example, can certainly be re¬ 
duced. Less time may be devoted to the 
teaching of the classical theories of evolu¬ 
tion as these have been well developed in the 
textbooks and m the writings of piominent 
evolutionists. The introductory course in 
biology should give the student an under¬ 
standing of biology as an investigatory 
science while simultaneously covering enough 
so as to make the student aware of the vast 
scope of biology. The plant and animal 


groups should be taught with a view to 
bring out their diversity The details of 
each gioup, if necessary, can be studied 
later by the student himself but the teacher 
need not spend any time on this in the class- 
loom. The teaching of biology, in general, 
should be achievement-oriented and not 
syllabus-oriented. About six months to one 
year in the first year of the secoiidaiy school 
level should be spent in laying the founda¬ 
tion with the single aim of awakening the 
student’s interest in the life sciences A 
biology course at the secondaiy school level, 
for example, may include the study of cell, 
organism, organism and eiiviromnent, species 
and population and biosphere. The study 
of the coll may mean the structural organisa¬ 
tion, the genetic material, and the metabohe 
machinery. The level of the organism may 
correspond to classical disciplines like ani¬ 
mal and plant physiology. The study of the 
organism in relation to tlie environment 
should be fascinating, especially for the young 
school child! en. The species and popula¬ 
tion studies may include classical and mole¬ 
cular genetics finally ending in the concept 
of species and population and their impor¬ 
tance in evolution. At the level of the bio¬ 
sphere one could mclude topics hke food 
chains, origin of life, and mechanism of 
evolution. A broad-based course such as 
the one outhned above should create real 
interest for the pursuit of biological know¬ 
ledge. The diversity of plant and animal 
kingdom and some applied aspects of biology 
may be taught in the same general course 
or a short separate course can be given 
covering these and some other important 
topics. 

Investigatory Problems and the Role of 
Laboratory 

The laboratory work in an experimental 
science like biology is extremely important. 
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The traditional laboratory exercises of the 
verification type should be discouraged. The 
student should bo introduced to the inquiry 
processes of science by means of investi¬ 
gative exercises. Such a student would not 
have the feeling of a bystander who reads 
and -watches demonstrations or follows a 
routine laboiatory procedure but of the one 
who actually participates in the experimen¬ 
tation to achieve understanding of some 
aspect of biology. Some of the simple in¬ 
vestigative problems like “Do plants growing 
alongside a street lights show any dilTcience 
in flowering in comparison with others?” 
or, “Are there any adaptive dilTercnccs bet¬ 
ween the organisms found in dry areas and 
the ones found in moist habitat?” can be 
easily worked out by higher secondary stu¬ 
dents. In India the inquiry-oriented la¬ 
boratory exercises aie being conducted at 
the Summer Schools of the Science Talent 
Awardees. 

The coordination between lecture and 
laboratory work is also very imporant. 
A mention of the excellent work of Nulfield 
Foundation in this connection would be 
appropriate. The Nuffield Biology Pro¬ 
ject has shown that a close integration of 
what IS taught in the classroom with what 
is done in the laboratory is essential. In 
the B.S.CS, publications theory and practi¬ 
cal materials have been consideicd in separate 
volumes. The main purpose of these pro¬ 
jects is to give the pupil some leal exprience 
at his own uilellectual level of the essential 
nature of scientific study—recognition of a 
problem, designing of the experiment, re¬ 
cording of observations, and drawing of con¬ 
clusions. A greater experimental approach 
in the laboratory would lead to a more lively 
and truly scientific outlook among pupils. 
However, it is very important to familiarize 
students with the tools and techniques of 
biology before inquiry-oriented laboratory 


excrcisc.s arc assigned to tliem. The main 
limitation in the practising of this approach 
is the lack of proper facilities for practical 
work III nio.st of the .schools in India. In 
fact, it IS quite ditlicult to think of even a 
few intcicsling experiments, particularly 
the ones illustrating recent advances and 
which arc capable of being oirried out in 
the school laboratories with their limited 
space and apparatus. The number of hours 
per week allotted for biology practical for 
the higher secondary classes in most of the 
schools in India is only three, It is extremely 
diflicult to compress during this time the 
many experiences that emphasize the impor¬ 
tant features of an experimental uppioach. 
Continuity of time and effort in pursuit of 
a pioblem are required until some analysablc 
results arc achieved. Some biologists have 
shown a preference for performing open en¬ 
ded iaboiatoiy investigations mainly with 
the object of showing to the students the 
incomplete nature in certain cases of biologi¬ 
cal investigation. Although the usefulness 
of such experiments cannot be doubted, it is 
diflicult to perform these at the secondary 
school level w'hcrc the student cannot pos¬ 
sibly devote the amount and continuity of 
time whicli these require. 

Some teachers over-emphasize the drawing 
of biological specimens and microscopic 
preparations during practical class periods. 
Many students spend even more time in the 
drawing than they do for the actual practi¬ 
cal work. Students should use drawing as 
a personal thing to make their own recall 
easier. Sometimes the students are asked 
to study and draw from models and charts 
instead of actual specimens and slides in 
the practical classes. This often results in 
the lack of motivation for the proper under¬ 
standing of the organism. For example, 
the real thriU which a student can get by 
actually observing pollination by insects can 
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be transfomied into an extremely dull study 
if a student is asked to study and draw the 
same charts and models 

Teaching Aids 

The first-hand experience with the Uving 
objects IS the essence of good and effective 
leaching in biology. The students cannot, 
however, discover everything for tliemselves 
as this would take too long. It may be that 
the observations required are beyond the 
child’s ability or beyond the instrumentation 
noimally available in a school It has been 
felt by some biologists engaged in United 
Kingdom that the best form of second-hand 
experience is provided by the film loops. 
The abstract ideas should be given some 
visible form especially where younger children 
full of curiosity are being taught. Models 
can sometimes serve the purpose especially 
when something reasonably static and three- 
dimensional IS involved. At other times 
film animation is the easiest way in which 
to present the idea The standard procedure, 
as advocated in UK, is to pioducc film loops 
at the same time dealing with the telhng 
points in the film or using animated sequences 
which may be of use in classroom teacliing 
These film strips and transparencies are 
particularly useful in the teaching of ccitain 
topics like ecological habitats which the students 
may not be able to experience easily. There 
are many advantages that the 8 mm films 
recommended by the Nufiield Biology Pio- 
ject have over the conventional 16mm 
films Firstly, each film makes only one oi 
two points instead of a continuous stream. 
They are relatively cheap. Each of these 
lasts about 3 minutes and is intended for use 
with 800-E projectors. The fact that the 
operation of these projectors is simple and 
no blackout is required means that there need 
be little formality about using these fihns 
under classroom conditions. The students 


can peifectly well view the loops unsuper- 
vised The fact that (hey aie silent means 
that a teacher can use these films to introduce 
experimental situations foi discussion in the 
class. One of these films shows the sequence 
of the various steps used in the squash 
technique for making chromosome prepara¬ 
tions The teacher may otherwise have to 
demonstrate this techniques seveial times. 
Another good aid in teaching is the use of 
sound films particularly the ones which show 
the sequence of biological events as they occur 
in nature. With the help of pliase-contrast- 
microscopy and cine-photography, Bajer and 
Bajer produced a film showing different nuc¬ 
lear changes during mitosis. In this film it 
is thrilling for the young children to see the 
separation of chromatids during a.naphasc 
More and more of such educational films in 
biology should be produced. 

Another aspect which deserves considera¬ 
tion IS the need for a close co-operation bet¬ 
ween the biology teacheis and the commer¬ 
cial firms manufacturing biology apparatus. 
The Phywe Aktiengesellschaft, Gottingen, 
W. Germany, in consultation with the biology 
school teachers have made a cheap assembly 
kit with the help of which 30 specific physio¬ 
logy experiments can be performed. This 
is a very encouraging trend where the biology 
teacher and the industrialist have gone hand 
in hand for the benefit of biology teaching. 
This is mipoilant as the industrialist may 
sometimes put on the market a product 
which may be beyond the technical skill of the 
school teacher. 

The personal improvisation of teaching 
aids by the teachers and students would give 
them a better insight and understanding of 
the subject. The cost of the improvised 
teaching aids being much less than the com¬ 
mercial product, a consideiable saving in 
the meagre biology budget of schools would 
be achieved. The organisation of science 
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clubs, exhibitions and competitions amongst 
students may, to some extent, help in achiev¬ 
ing this objective. 

For the teaching of biology a well-planned 
school gaiden is an absoUitc necessity. In 
the first instance, the garden is meant as an 
aid in biology teaching in the lower forms 
Secondly, it would provide material for 
demonstiation and student’s experiments 
in connection with the investigatory prob¬ 
lems. A number of direct observations can 
also be made from the plants growing in a 
garden. 

Evaluation of Students 

The inquiry-oriented biology courses na¬ 
turally lead to a demand for tests designed 
to reflect the philosophy of such courses. 
Quite obviously, theie is little value in teach¬ 
ing students in an inquiry-oriented fashion 
and then evaluating their performance merely 
on the recall of facts. Many biology tea¬ 
chers test for specific recall of information 
such as the names of bones, orders of insects, 
and botanical names of plants. For this 
type of questions it is more important to 
memorize than to gain an undeista.ndmg. 
All biologists would agree that students 
should gain a good understanding of the 
fundamental biological principles rather than 
memorize factual material. Many would 
probably include attainment of problem¬ 
solving activities and attitudes as an impor¬ 
tant aspect of acquiring this understanding. 
Regardless of the type of examination used, 
the purpose of testing rn the biological sciences 
is to assess the extent to which desirable 
changes in the students’ knowledge, intellec¬ 
tual abilities, attitudes and values have oc¬ 
curred as a consequence of his educational 
experiences. These educational experiences 
would include the lecture, laboratory dis¬ 
cussion, problem-solving, field work, and 
other related activities. Suitable evaluation 


techniques must be designed to measure these 
abilities. Most teachers arc aware that 
students arc I'cry quick to adapt their study 
habits to the form and style of evaluation to 
which they will be exposed, The objective 
and thought-provoking type of questions 
arc certainly much better than the straight 
essay type of questions lequiring memonxed 
knowledge which is forgotten much sooner 
than learnt. The teachers should keep day- 
to-day rccoul of the student.s attitude to¬ 
wards learning. 

Training of In-Service Teachcr.s 

The fact that many teachers of secondary 
schools arc poorly trained in their discipline 
may possibly accoiiiiL for the lack of impact 
ofsccondaiy school biology teaching. There¬ 
fore, no matter how good the available mate¬ 
rials, the teachers’ background limits his 
efrcctivcncss. The new method of teaching 
demands much of originiilLty both from the 
teacher and the student. To appreciate the 
requirements of inquiry method, the teacher 
must himself have gone through traimng by 
inquiry and investigatory methods, The 
only way to help established teachers is by 
arranging in-service refresher courses for 
them. These courses should be based on 
laboratory and field work rather than on 
lectures alone. The Summer Institutes for 
Secondary School Teachers in India are 
organized with a view to introducing the 
school teachers to now scientific developments 
and to acquamting them with modern cur¬ 
ricula and new techniques of teaching and 
demonstrations. These provide stimulus to 
school teachers to improve their professional 
competence. This is sought to he achieved 
by bringing together groups of science tea¬ 
chers from schools and universities for about 
SIX weeks dining the summer vacation, and 
by making available to them modern text¬ 
books, improved laboratory teclmiques, and 
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teaching aids The institutes lay emphasis 
on practical laboratory work, demonstrations 
and lectures on modern topics by specialists. 
The programme provides an opportunity to 
school teachers to discuss their problems 
with fellow teachers and university teachers. 
The objectives of the program are achieved 
by the utilisation of the facilities and services 
available in Indian univeisities The train¬ 
ing enables teachers to conduct experiments 
with simple and improvised apparatus and 
to strengthen the capacity of the teachers for 
motivating able students to develop an 
aptitude for research. It is expected that 
by 1971 nearly 50 per cent of the total num¬ 
ber of biology secondary school teachers in 
India would be trained through these Sum¬ 
mer Institutes. This project is being con¬ 
ducted by the National Council of Educa¬ 
tional Research and Training (NCERT) 
and the University Giants Commission 
(UGC), India in collaboration with United 
States Agency for International Development 
(US AID) and the United Slates National 
Science Foundation (US NSF). The recently 
established National Council of Science Edu¬ 
cation (NCSE), India, has taken over 
the responsibility for the improvement of 
science education. The NCSE works in close 
co-operation with the NCERT, UGC, US 
AID and US NSF. 

Summary and Conclusions 

The importance of basic researches in the 
teaching of biology at the school level has 
been discussed. This should reflect the pre¬ 
sent state of knowledge and can be achieved 
by a constant revision of curricula. There 


The National Council of Educational Research 
and Training through its Department of Science 
Education has started projects with the ami of im¬ 
provement of science Education at school level One 
of these is the Project for the Teaching of Science 
and Mathematics which is m the third year now. 


is an urgent need for identifying the organisms 
which are most suitable for teaching biology 
in any particular geographical region The 
various communication channels for trans¬ 
mission of leccnt findings and their impact 
to the teachers and pupils have been pointed 
out 

The method of imparting iiistiuction is 
as important as giving the latest available 
information. The desirability of teaching 
biology by inquiry and investigative methods 
has been emphasized. These objectives can 
be achieved by adopting a broad-based syl¬ 
labus which may include both the modern 
and traditional topics The course in biology 
should bo conducted by actual experimenta¬ 
tion so that the pupils are able to realise the 
significance of the study of life sciences. For 
this a well-equipped laboratory is a pre-re- 
quisite. The importance of teaching aids 
like the use of 8 mm silent films and sound 
films has been pointed out. The advantages 
of the manufacture of apparatus by the com¬ 
mercial firms in consultation with the biology 
teachers have been discussed The new 
method of teaching also demands a change 
in the method of evaluation of students. The 
use of objective and thought-involving type 
of questions has been advocated Although 
the usefulness of the investigative methods of 
teaching biology has been realized by many, 
It is not being practised as widely as desired. 
One posssible reason for this may be the 
hraitation due to the poor background of the 
teachers. This can be easily ovei come by in- 
service training of school teachers The 
Summer Institute programme in India is 
intended for this purpose 

In conclusion, we wish to emphasize that 
merely the improvement of curricula and 
teaching aids will not lead to the proposed 
goal. Further, the basic researches should 
form the foundation for the formulation of the 
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curricTilum, and the lole of basic researches urgently is a reorientation of teaching me- 
should be emphasized during the teaching ihods which should indeed be acliievement- 
of various topics. What is needed most orionted. 
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Fun with Chemistry 

Some simple experiments for extra 
curricular activity in chemistry 

By 

Y.I. Naumov 
aad 

N.K. Sanyal 


T he main objectives of teaching chemistry 
as a separate discipline are not only to 
give the pupils a systematic knowledge of 
the subject but also develop their practical 
skills and prepare them for an understanding 
of the many phenomena involved in industry 
and agriculture. Through chemistry it is 
possible to develop keeimess of observation, 
analysis of observation and development 
of logical thinking One of the important 
pedagogical tasks of teaching chemistry is to 
create a motivation and interest in the study 
of the subject. This is not always possible 
through the simple classroom experiences. 
There are various, forms of extra curricular 
activities like organisation of chemical 


clubs, chemistry quizzes, chemical olympiads 
etc. We would like to discuss in this article 
some simple experiments in chemistry that 
are easy to organise, inexpensive and at the 
same tune interesting enough for the pupils. 
Almost all schools have the necessary chemicals 
and equipments needed foi these experiments 
which may be organised in the form of a 
chemical show. 

To keep an element of interest in each 
chemical show, discussed later, it is important 
to keep the following things in mind 

fa) The experiment in the chemical show 
should be the answer to a felt problem 
which should be investigated by the 
pupil. 

(b) If any pupil from the audience is keen 
to find the solution by experiment he 
should be encouraged to do it. 

(c) All necessary preparations of solutions 
as well as oral questions should be made 
before hand. 

(d) It would be highly desirable to relate 
the experiments in the show with the 
topics covered in the classroom lessons. 

(e) The experiment should be performed in 
a dramatic way including use of suit¬ 
able words, magic sticks, lighting effect 
etc. to bring the element of surprise 
and magic. 

Experiment 1 

Conversion of water into a coloured “juice” 
and again into water 

Pose a question whether it is possible to 
convert water into a coloured liquid and then 
again change it back to colourless water. 

Take three 250 ml beaker (A, B. & C). 
Fill about a third part of each beaker with 
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a colourless liquid and let them stand on 
the demonstration table. Pour a part of the 
contents of beaker A into beaker B, and 
stir with a glass rod and demonstrate the 
conversion of water into a red solution. For 
effective demonstiaiion it may be better to 
use a white screen behind the beaker. 

Then add a part of the solution from bea ker 
C into beaker B and see that it agam becomes 
colourless. The experiment can be repeated 
once again using the same sequence of 
operations 

Explanation 

Beaker A contains 20 % solution of caustic 
soda, Beaker B water with 5 to 10 drops 
of alcoholic solution of pherolphthalein, 
beaker C 20% solution of sulphuric acid. 
This experiment demonstrates the action of 
indicators on acids and alkahs. 

Experiment 2 

Conversion of water into different coloured 
liquids 

Place on the table one litre beaker with 
water and four 200 ml capacity beakers. 
Call four pupils to examine the empty beakers 
and get the beakers washed by them by tap 
water. Then pour water into the small 
beakers one by one from, the big beaker and 
demonstrate that the liquid in each beaker 
has different colour. 

Explanation 

The big beaker is filled with tap water. 
After this four smears of soap along with 
a few particles of four different aniline dyes 
are placed on the upper inner surface of the 
rim of the beakers at right angles to each 
other j 'While pouting water the experi¬ 
menter has to turn round the large beaker in 
such a way that water comes into contact 
with one dye only (it requires a good practice 


before hand to pour water in such a way that 
the dyes do not get mixed). 

Experiment '1 

Smoke without flame 

Ask the pupils the question, what is a 
flame and is it possible to make smoke with¬ 
out any flame. Then put two small china 
dishes together to show the foimation of 
heavy smoke in a moment. 

Explanation 

The china dishes contain respectively con¬ 
centrated solutions of hydrochloric acid and 
ammonia, On mixing together heavy fumes 
of ammonium chloride are formed. 

Experiment 4 
Burning lump of sugar 

Ask the pupils as to who can burn a lump 
of sugar. Let pupils try to burn a lump of 
sugar held in a pair of tongs by a burning 
match stick, spirit lamp flame or even a gas 
burner. Pupils may fail to do it and the 
lump of sugar merely melts and turns brown 
but does not burn. Then the experimenter 
puts a very small amount of cigarette ash on 
the lump of sugar and shows that the lump 
burns with a yellow flame easily even by the 
flame of a match stick. 

Explanation 

This is due to the phenomena of catalysis. 
The ash of tobacco accelerates the oxidation 
of sugar to such an extent that it can easily 
catch fire by a match. 

Experiment 5 

Colouring water blue by using a white powder 

Pose the problem whether is it possible 
to make water to a blue colour by adding any 



CLASSROOM EXPERIMENTS 


49 


white substances. Provide a lew samples of 
white substances in powder form in wide 
glasses on the table and let pupils try. 
After unsuccessful attempts of pupils the 
teacher shows his magic by putting in a bealcer 
of water one of the white powders lying 
on the table and using the magic stick as a 
stirrer. 

Explanation 

Keep on the table before hand the follow¬ 
ing white salts in small watch glasses NaCl 
NagSOi, Na.NOa. K 2 SO 4 , BaCla, KCl, 
KNO3, CUSO4 (Anhydrous). The only white 
powder which will be able to form the blue 
solution is anhydrous CUSO 4 forming hy¬ 
drated crystals of copper sulphate. This is 
used as a sensitive test for detecting the 
presence of water. 

Experiment 6 

Lighting a Spirit Lamp by a magic stick 

This is an experiment to show the lighting 
of a wick of spirit lamp by touching it with 
a glass rod. The glass rod is first placed in 
a porcelain mortar containing a black 
substance and then touched to the wick of 
the spiiit lamp. The wick is lighted in a 
moment The teacher may invite two or 
three pupils and ask them to repeat the 
experiment 

Explanation 

The china dishes contain a mixture of 
potassium permanganate with concentrated 
sulphuric acid On stirring with a glass 
rod immediately the unstable anhydride 
Mn^Oj IS formed, This extremely powerful 
oxidising agent oxidises the alcohol readily 
to make it burn as a flame This experiment 
can be related to the topic “Reactions of 
oxidation and reduction”. 


Experiment 7 

Burning cloth to give different coloured flames 

Take two small pieces each of white, red, 
green and yellow cloth on the table The 
pieces should be of same size and shape. Put 
the question “What will be the colour of the 
flame when the different coloured pieces of 
cloth are burnt?” Demonstrate by burning 
one piece of each colour on the flame that a 
yellow flame is always obtained. Then touch 
the other pieces or cloth with the magic stick 
and show by burning that the led, green 
and yellow pieces burn with a colour of 
the flame corresponding to the colour of the 
cloth. 

Explanation 

Each kind of cloth has two strips (A&B) 
The strips A of each are wetted in water and 
dried. The strips B should be dipped in the 
following saturated solutions and dried:— 

(i) Yellow strip in sodium nitrate. 

(ii) Red strip in strontium nitrate. 

(iii) Green strip in barium nitrate. 

Dry the strips after soaking and repeat the 
soaking two or three times in the last two 
cases While demonstratmg the pieces A are 
to be burnt first, to show that the same type of 
flame is obtained in each case Then burn 
the pieces B separately where the colour of 
the flame will be according to the colour of the 
cloth. This is due to the nature of the salts 
present which affect the colour of the flame. 
This experiment can be linked with the study 
of “Identification of mineral fertilizers— 
flame test”. 

Experiment 8 
Invisible writing 

Show the class a large sheet of white paper 
which looks quite clean. Fix the sheet on 
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the iDlackboard and spray on it by a sprink¬ 
ler a fine spray of a colourless liquid filled in 
the -vessel. Show that a red writing appears 
instantly. 

Explanation 

The writing on the paper was done by using 
alcoholic solution of phcirolphthalein and 
drawing afterwards. The bottle of the 
sprinkler is filled with weak solution of a 
base (like caustic soda) ammonia or lime 
water. Thus again the action of indicators 
on bases is shown. 

Experiment 9 

Chemical Volcano 

Place an asbestos gauge on the tabic Place 
on it a heap of a yellow powder and tell the 
pupils that we are going to make the model 
of an active volcano. To make the model 
erupt, start the burning with the help of 
a lighted splinter. A better effect can be 
obtained if the lights in the rooms are switched 
off to enable pupils to see the eruption. 

Explanation 

The imitation of the volcanic eruption is 
based on the following reaction. (NH 4)2 
Cr, O 7 -^Cr^Os-b N, + 4H,0. 

The reaction has to be initiated by heating 
a little with a burning splinter. Then it 
goes on automatically. 

Experiment 10 

Black writing on paper 

Fix a white sheet of paper on the black¬ 
board and touch it with a smouldering splin¬ 
ter. Step by step we can see the outlines of 
figures geometrically or animals etc. develop¬ 
ing on the paper in the form of black line 
drawings. 


Explanation 

Any one of the following saltb, NHi NO 3 
Na NO 3 to KNO 3 niay be used to make the 
invisible ink. With the help of this solution 
line drawings arc made on the white sheet of 
paper by a broad nib or a fine brush. For 
successful demoi-Lslration, the following 
condltioas must be observed: 

(a) The line of the drawing should not 
cross anywhere. 

(b) The line should be thick enough to 
contain enough salt after drawing. 
It is better to apply the invisible ink 
twice or thrice after drawing.^ 


The Medicine Dropper and 
a Simple Balance 

Hy Ruchlis 

Adjunct Professor of Education and Director, 
Educational Madia Centre, Fairleigh Dickinson 
University, Madison, New Jersey, 07940, U,S.A. 

S IMPLE household devices such as the 
medicine dropper often provide oppor¬ 
tunities for individual student investigations 
involving observation, making and testing 
hypotheses, and logical thinking. The in¬ 
vestigations suggested in this article could 
begin during a discussion of air pressure, and 
extend to the medicine dropper as an illus¬ 
tration of the action of air pressure. 
Material needed foi the investigation include 
enough medicine droppers and transparent 
container of water for smaU groups of 
children. A cooking baster or fountain-pen 


1 . Portions of this article are reproduced with 
permission from Science and Children, volume 5, 
number 8, May, 1968, copyright 1968 by the 
National Science Teachers Association, 1201 
Sixteenth Street, N.W., Washington. 
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ler can serve for teacher demonstration. 
Have the children observe what happens 
hen the medicine droppei is submeiged in 
ater, squeezed, and then released in the 
ater (Fig. 1). The formation of bubbles 



Fig. 1 Medicine Dropper 


'hen the rubber is squeezed, the entrance 
f the water into the dropper when the rubbei 
5 released, and the release of drops when the 
ubber is again squeezed all serve to 
Llustrate the action of air pressure 
These observations and discussions can 
erve as the starting point for a number ol 
nteresting investigations which the children 
an carry out on their own, as follows; 

1 . How many drops are there in a cup of water 

Individual drops are counted as they are 
implied into a small container (such as a vial) 
intil they fill the vial. Then the number of 
Full vials of wa.ter required to fill a cup is 
measured An estimate of the number of 
irops of water in the cup ma.y then be ob¬ 
tained by multiplication. 

Advanced children could use this method 
m connection with a cylindrical graduate to 
measure the volume of a drop of water. 

1 . Is a drop of water larger, smaller, or the 
same size as a drop of salad oil (or other 
liquid) ? 

A mark is made on the side of the dropper 


with a wax pencil, or by a pencil on clear tape 
attached to the side of the dropper. The 
dropper is filled to the mark with water and 
then with other liquids The number of 
drops required to empty the dropper for each 
liquid provides a comparision of drop sizes. 

3. How much does a drop of water weigh? 

Drops are emptied into a container on a 
balance until a specified weight—such as an 
ounce—is reached. The weight of a drop 
of water may then be obtained by division. 

A 2-paise coin"'' weighs very close to 1 
grain and can be used as a standard weight 
in the metric system. 

4. How does the weight of a drop of water 
compare with the weight of a drop of salad oil? 

The procedures of the previous investi- 
ga.tions may be used to weigh a drop of 
salad oil and compare its weight with that 
of a drop of water. 

5. Cartesian diver 

Suggest to the children that they make a 
“diver” that can go up or down m water at 
will. 

A dropper is filled with water by squeez¬ 
ing it in water and releasing it until it just 
barely floats when placed in watei in a glass. 
The dropper is then transferred to a tall 
narrow vial almost filled with water and the 
vial covered with a cork or rubber stopper. 
Downward pressure on the cork causes water 
to enter the dropper, whereupon it sinks. 
Releasing the pressure on the cork restores 
the original situation and causes the dropper 
to rise to the top (Fig. 1). 

The observations and explanations for the 
action of the diver provide an excellent op¬ 
portunity for scientific reasoning. 

* This refers to the alumiiiium-magnesium 
coins ruinted after September 1965, 
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Home-made equal-arm balance. 

An equal-arm balan.ce sufficiently sensitive 
to respond to the weight of a few drops of 
water can be made from a long, thin stick 
(tree branch) or wire, about 45 cm inlengtli 

(Fig. 2). 


eoiuL 



Fig. 2. A Simple Balance 


Find the approximate center of gravity of 
the stick or wire by balancing it horizontally 
across a finger. Tie a thread to the stick at 
that point and suspend it by tying the string 
to an overhead support. Attach a pin or 
thin nail to the narrow end of the stick (or 
wire) to serve as a reference mark. Slight 
imbalances may be corrected by shaving off 
the stick on the heavy side, or by tying a 
small object (clip, nail) to the appropriate 
position on the stick or wire. 

The support may be as simple as a hook 
in the under side of a shelf. A more elaborate 
stand can be made as shown in the illustration. 
It has the important advantage that the stick 
is restricted in its swinging, thereby making 
the balance easier to handle. 

A “level indicator mark” on a vertical ob¬ 
ject positioned near one end of the stick 
makes it possible to accurately restore the 
balance to the Original position when a 
weight has been added to one side. Ruler 
marking on such a vertical object can be cali¬ 
brated in terms of tenths; or even hundredths 
of a gram, thereby increasing the utility of the 
balance. 


Objects and weights may be suspended 
from the balance by means of small plastic 
bags tied to the stick, as shown. These must 
be positioned so that the distances from the 
pivot are equal. Accessibility to the contents 
of each bag is improved by cutting part of 
one side so as to from a pouch. 

Standard weights are generally not readily 
available. However, coins can serve as sub¬ 
stitutes because of the high degree of unifor¬ 
mity in weight. Even moderately worn coins 
rarely differ in weight from new coins by more 
than a few tenths of a gram. It is a nice project 
to determine the weights of these different 
kinds of coins. 

Smaller weight standards, down to one- 
tenth of a gram or less, may be made by 
balancing a number of very small, uniform 
objects against the known weight of a coin 
and then obtaining the weight of one small 
object by mean of calculation. The number 
of such small objects required to equal ap¬ 
proximately 1/2 gram , 1 gram, etc., may 
then be determined. 

Small buttons, tiny nails, or even small 
squares of paper, thin cardborad, or metal 
foil, can serve as uniform small weights. 
These can be bundled to form sets of standard 
weights. Larger standard weights of 10, 20, 
and 50 gram can be made by filling small vials 
or plastic bags with suitable quantities of 
sand. 

Such home-made scales will prove useful 
for a wide variety of weighting projects— 
weighing insects, seeds, drops of water and of 
other liquids, paper clips, buttons, grains of 
sand, etc. Children who build such simple 
balances will obtain valuable experience with 
scientific measurement encountering many of 
the types of problems faced when one uses 
more sophisticated equipment. The experi¬ 
ence is all the more valuable because the 
child will be starting from scratch, with no 
help at all from factory-built gadgets. 
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Improved methods for showing 
Convection Currents 

C. Ramakrishnayya 


T he traditional demonstration of con¬ 
vection current by dropping a crystal of 
potassium permaganate in a beaker before 
heating it, suffers from the defect that either 
water gets a streak of coloured water before 
heating or water gets coloured while heating. 
This makes it difficult for cluldren to form 
the idea of a current. The following ex¬ 
periment suggests some modification so 
that this difficulty is not met with. 

Experiment 

A small crystal of potassium permanganate 
was enclosed in a small gelatine capsule 
purchased from a medical stores for 5 paise. 


To keep it under water, it as tied to a lead 
piece or two or three lead shots may be en¬ 
closed in this capsule. The capsule was put at 
the bottom of a beaker half full of water. The 
flame of a spirit lamp was directly brought 
under the capsule in the beaker on a tripod 
stand without using a wire gauze. Air 
bubbled out. A pink coloured streak-hke 
column of water ascended conspicuously 
from the bottom of the beaker and came down 
completing the convection current. 

In this experiment a httle time is to be 
allowed till the mateiial of the capsule gets 
melted. The capsulation of the crystal 
has become necessary to show the coloured 
convection currents from the bottom ot 
the beaker in colourless water intro¬ 
duction of the sinker may be an irrelevant 
aspect of the experiment. But as the pupil 
is already acquainted with the use of a sinker 
in density experiments, it is hoped, he would 
understand the reason of using it. 
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Newlight on Vision 

John Newell 


Reseatch on human vision covers anenotmous niimbei 
of subjects and disciplines, A grcal deal still lemains 
to be discovered about the optical properties of the eye. 
Then there are the ways in which the incoming light 
impulses make retina fire off nervous Impulses to the 
brain. There is the need foi swift diagnosis of diseases 
such as ti achoma—one of the commonest illnesses iii the 
world. There are continual developments in eye 
surgery. Theie are purely piactical things to be done, 
for example, helping divers to see better under 'aater. 
All these and many other problems involved in 
vision are being Studied at the London Institute of 
Ophthalmology 


^NE of the greatest problems in studying 
'^the optics of the human eye is the small 
scale of the machinery involved, because the 
eye is built to cope with the very short wavc- 
lenths of visible light. How much easier it 
would be it wc were dealing with an eye 
built to receive radio waves, which are thou¬ 
sands of times longer in wavelength. But 
of course the eye would have to be built on 
the scale of a radio telescope. 


From SPECTRUM, 50, 1968 


For use in a new leseiirch piojcct lecently 
begun at the Institute, Dr. R.A. Wealc has 
built a model of a small part of the human 
eye ten thousand times bigger than the real 
thing. The model is concerned only with 
the layers of light-absorbing pigment in the 
sensitive cells of the ictina, the so-called 
rods and cones, These contain flat sheets of 
pigment, arranged on top of each other with 
spaces in between, like shelves in a commo¬ 
dious cupboard. Obviously this stiucture 
must have a function and Dr. Weak is trying 
to find out what it is, with the aid of his 
model rods and cones. Fie is at present only 
interested in the elTecl of the supeiimposed 
sheets of pigment and he has modelled these 
by Setting up a row of sheets of cardboard. 
Light cannot penetrate the cardboard, and 
he cannot in any case use light because, if 
you scale up the eye, then you must also scale 
up the light and this means multiplying the 
wavelength of light by the same factor, ten 
thousand. This gives radar waves, micro- 
waves. So Dr. Weak’s model of the rods 
and cones is a microwave transmitter beamed 
at the row of sheets of cardboard, with a 
receiver on the othci side. An oscilloscope 
shows what is received and how microwaves 
are affected by the cardboard sheets. 

Dr. Weak has a hypothesis to explain 
why the rods and cones are built with sand- 
wich-like sheets of pigment. He has found 
that when the microwave source faces the 
.sheets directly then a very powerful signal gets 
through to the receiver beyond, but if the 
waves arrive at even a slight angle then the 
amount of the signal that gets through falls 
off to nothing very sharply. Therefore, it 
may very well be that the layers of pigment 
sheets in each single cell are used to filter 
out light coming from an angle, so that only 
hght striking a cell more or less at right angles 
gets through to set off a nervous signal. As 
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the retina is curved, this could enable each 
part of it to see hght coming only from one 
paiticular angle. A coherent picture could 
be piovided, with different elements contri¬ 
buted from different paits of the eye. 

British Royal Naval divers have descended 
into deep seas and also spent time in pressure 
chambers simulating deep sea conditions 
to show that it is possible for men to work 
under water down to depths around 300 
metres, without needing elaboiate diving 
suits. Tins means that divers should be able 
to work quite freely on nearly all the world’s 
continental shelves. As the search for oil, 
gas and minerals spreads and as farming the 
seas becomes a realistic proposition, men 
are going to have to spend more and more 
time undei water. 

One of the main problems heie is the luui- 
tation of human vision caused by the light- 
scattering and light-absorbing properties 
of ordinary water. 

Di. John Lithgow, also working at the 
Institute, has been investigating ways to un¬ 
prove human vision under water. For 
some time it has been known that lish have 
eyelids which act as polaroid filters and last 
year Dr. Lithgow discovered why. Water 
has a polarising action on suiiliglit and if the 
eye is adapted to perceive the plane of polari¬ 
sation of light then this can improve vision. 
We can improve our own undersea vision by 
wearing polaroid goggles with filters able to 
adjust to the different directions from which 
we perceive light under water. 

There are other methods too. The ordi¬ 
nary diver wastes tune dark-adapting his 
eyes before he goes under water, where there 
IS much less hght. If, instead, the diver were 
to don a red tinted visor for an hour or two 
before going down then he would have dark- 
adapted vision from the start. Thndly, 
vision can be improved by wearing certain 


coloured filters, because the main problem in 
seeing in the sea is not so much insufficient 
light but an excess of irrelevant Ught, which 
needs to be cut out to give the clearest possi¬ 
ble pictuie. In different water conditions 
the irrelevant hght is propagated at different 
wavelengths winch means a selection of filters 
IS necessary. 



The land of conditions diveis have to woik in 
when under watei. 

Dr, Lithgow has devised an instrument 
to study the best filters for different 
conditions. He has used this to carry 
out experiments both in the English 
lakes and in the Mediterranean Another 
and longer term approach is to study the 
different light-absorbing pigments found in 
different species of fish. These pigments are 
able to receive various wavelengths and by 
having more of one type and less of another 
fish are able to pick out some wavelengths 
and filter other. The Medical Research 
Council’s unit working on vision at the Insti¬ 
tute of opthalmology is studying these fish 
pigments in detail. They may ultimately 
prove the best means of improving human 
vision under water. Even using techniques 
know how, Dr Lithgow is certain that it 
would be possible to extend the range of 
underwater vision by at last 25 per cent. 

Speedier Trachoma Diagnosis 

One problem in the treatment of trachoma 
is the length of tune involved in diagnosing 
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uncertain cases of the disease. Since 400 
million people in the world today are in areas 
where trachoma is prevalent and are potential 
sufferers, any new development in research 
on this disease is welcome. A technique 
for growing trachoma virus in tissue culture 
has been developed by two doctors working 
at the Institute which will speed up diagnosis 
of the disease, 



An eye blinded as a result of trachoma 


The conventional method involves in¬ 
oculating scrapings taken from the eyes of a 
suspected trachoma cate into fertile hens 
eggs After two to four weeks it is possible to 
tell whether or not the inoculation contained 
the virus. 

In the new method, human cells in tissue 
culture are first treated with X-rays to reduce 
their innate capacity to fight off infection, 
and render them as susceptible as possible to 
a trachoma virus. Then scrapings from the 
suspected case are added to the culture and 
forced right up against the cells by centri¬ 
fuging. Thirty hours after three different and 
very clear chemical tests will reveal any 
trachoma virus present. 

Although this technique is so much faster 
than the egg inoculation method, it is not so 
easy to apply and so is bound to be hard to 
introduce into tropical areas where swift 
diagnosis of trachoma is most needed, 
. Nevertheless the research team working on the 


technique arc hoping to simplify the method 
and make it valuable eveiywhere. 

Eye Surgery by Laser 

A new application in eye surgery for the in¬ 
tense beam of light from a laser is also being 
developed. Previously the laser beam has 
been used to weld displaced retinas into the 
back of the eye. The new techiuq e uses 
the laser to punch a hole about a millimetre 
across through the iris, the membrance which 
like the iris of a camera allows variable 
amounts of light through the hole in the 
centre, the pupil. The eye is continually 
washed by fluid which runs down between 
the ii is and the lens and through the pupil into 
the anterior chamber in the front of the eye. 
Sometimes this channel gets blocked and a 
surgical operation is required to cut a little 
hole in the ins to clear it. Experiments on 
animals have shown that this surgery could 
be replaced by two or three very brief flashes 
from a laser which would painlessly bum a 
hole through the iris. It should be possible 
to use this treatment on an out-patient basis 
because it is so simple. 

Switching on the Eye 

Today, research on the mechanism o, 
vision has reached the point where scientists 
are studying the response of individual cells 
or small groups of cells over short periods of 
time. The first stage in vision is the process 
by which light is absorbed by pigment in the 
rods and cones. This, stimulates them to 
send electrical messages along^^e nervous 
pathways to the biain. The first stage in 
investigating how the eye is switched on—^what 
makes the rods and cones fixe off their mes¬ 
sage—is to shoot a controlled flash of light 
into them and measure their response. The 
difficulty is that for technical reasons, it is 
possible to use only very short flashes of light 
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in this kind of experiment. Dr. R. Fateh- 
chand has managed to push the length of 
flash used fiom the previous record, one ten 
thousandth of a second, to one twenty-fifth 
of a second This has made it possible to 
show how the rods and cones react to their 
flash of light. They behave in the .simplest 
wa.y possible, just like a photoelectric cell, 
simply firing off electricity for a.s long as the 
flash la.sts and then stopping. 

Until this resea.ich was done, scientists had 
to reckon with the possibility that the rods 
and cones reacted in any of a number of ways. 
Each of these ways would have meant build¬ 
ing up a different theory of the detailed 
workings of the eye 


A Lesson in Inequalities for 
the Twelfth Year Mathematics 
Student — Cauchy’s Inequality 


CHARLES L RIGGS 
PAUL E. THOMPSON 

Texas Technological College, 
Lubbock, Texas, U.S.A. 


gTUDENTS are introduced to inequality 
symbols and to the meaning of “greater 
than” and “less than” early in their education. 
In fact, one experimental programme of mathe¬ 
matics in the U.S.A. introduced inequalities 
in the first grade and continued solving pro¬ 
blems involving inequalities in the second 
and third grades (1). The College Entrance 
Examination Board in the U.S.A. suggested 


in 1959 that linear equations and inequalities 
in one variable be piesented in elementary 
mathematics, grade nine, essentially a couise 
in algebra (2). The student who pursues a 
study of mathematics from kindergarten 
through grade 12 usually has many intro¬ 
ductions to the inequality. He has had 
experience in finding the solution sets of the 
inequality. However, the college teacher of 
calculus has found the college freshman with 
the I2th and 13th year mathematics pi ogram- 
me background la.cking in understanding of 
inequalities. At this level, the absolute value 
inequality should be completely understood. 

This paper is an attempt to present an 
interesting discussion and proof of the Cauchy 
inequality for the twelfth year mathematics 
student. The proof is piesented on the 
assumption that the student is in a course 
similar to the elementary functions course 
as suggested by CEEB (3). The student should 
have a knowledge of functions, inveise func¬ 
tions, the graphing of these functions on the 
rectangular coordinate plane, and the integral 



dx as related to aiea. Of course. 


if the school mathematics student does not 
have this background, then this discussion 
could be delayed and presented as a topic 
of interest for the college fieshman. 

The proof is not obvious and might seem 
beyond the giasp of the twelfth year student. 
However, considering a typical student ap¬ 
proach, i.e., starting at the end and return¬ 
ing to the beginning, a proof is developed 
that is understandable and enlightening. 
The Cauchy inequality was published in 1821 
(5). Mathematicians usually show that the 
Cauchy inequality is a special case of Holder’s 
inequality, published in 1889 (6). Young’s 
inequality appeared in print in 1912 (7). 
Starting with Young’s inequality which can 
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be easily demonstrated geometrically, Holder’s 
inequality can be presented, then Cauchy’s 
inequality follows as a special case of Holder’s 
inequality (8). The graphing of the function 
and its inverse and the algebra involved in 
the presentation is of the level of work done 
by the twelfth year mathematics student in the 
United States. 


The Problem 


Consider the proof of a typical algebraic 
inequality 2ab < aS -\- b®, and a and b real 

numbers. The usual algebraic solution is 
to consider (a—b)^ > 0, then a^—2abd'b" 

>0 and a2-l-b2>2ab. Once performed, this 
pi oof seems trivial, 

Consider the proof of the Cauchys In¬ 
equality 

(ac-l-bd)s < (a^-bb®) (c'^-fd'^). Expansion 
and application of cancellation laws yields 
2acbd < b2c2 -1- a^da. Letting be = nf and 

ad-=/3, then2i)3<ia-t-i32, which is the trivial 
algebraic inequality we previously developed. 

Let us now consider the more sophisticated 
version of the Cauchy inequality 



Cauchy’s inequality is a special form of 
Holder’s ineqiiahty; that is, Hold ers’ inequality 

L (Z. (V b.'‘)~, 

^ 1=0 ^ 1=0 ^i=0 

where a>0, b>0, h>l and h and k arc 
related by the equation 

(i) + (k) = 

Letting h=k=2, Holders’ inequality becomes 
^ 1=0 ^1 = 0 ^1 = 0 


Squaring both sides then 
^ n ^ n 



b.# 


which is Cauchy’s inequality. Thus Cauchy’s 
inequality is proved if we can prove Holder’s 
inequality. Also we must meet the con¬ 
ditions a>0, b>0, h>l, and 


Let us consider Young’s inequality. If 
y-f (x) is a continuous increasing function 
forallx>0, f (0)'«0 and f (a)--b, a and 
b real numbeis greater than 0, then the in¬ 
verse function x - f~^ (y) exists and is also 
continuous and evciywherc increasing for all 
y>0. f~H0) 0 and f~^ (b) = a and the 

graph of f and f't arc the same. (Fig. 1). 




Fig 2 f(a)>b 
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x<a. A, = 


Area A^ = I f(x) dx, os 
0 -^ 

J dx, X s^ b The area of lectangle 


OABC = ab and therefore ah = A^ + Ag or 

/ a -b 

f(x) dx+ I f i(x) dx foi f(a) -- b. 
0 -^ 

Now f (a) => b or f(a)>b or f(a)<b. 
If f(a)>b, then the area of the rectangle 
OADC =ab IS less than the area ofA^+A^ 
(Fig. 2). If f(a) <b, the area of the lectangle 
OAEC = ab IS also less than the aiea of Ai 



+ A 2 . (Fig. 3). Combining the icsiilts of 
Figures 1, 2, and 3 we have Young’s inequa¬ 
lity, given a function f continuous and every¬ 
where increasing on the inteival [0,a], 
f(o) ^ 0, Its inverse function exists and 
is continuous and eveiywheie increasing on 
the interval [0,b], f-i(0)=0 Then for a>0 
and b>0. 


ab 


^a b 

< f(x)dx -f ( f-i(x)dx, 

0 do 


where equality holds if and only if f(a) =b. 
Observe that if f-i(x)=x then f-i(x)=x and 
Young’s inequality is a quite familiar one,i e., 

ab < r X dx -f r X dx = — 

— J Cl do 2 


2ab a2 -t- b2 ! I 

Now since we are interested in deriving 
Holdei’s inequality we shall use Young’s 
inequality and let f (x) - x", n>0 then 
1 

f"^ (x) =x " and 



Let h = n-|-l and 1 and substituting, 

n 

g^h ^jk 

We have ab< _ -f-_ 

~ h k 

The relationship between h and k is shown 
1 1 

by the sum ^ ^ ^ + ~ = 1 an inter- 

n 

esting algebraic sum satisfying this condi¬ 
tion of Holder’s inequality. The equation 
1 1 

+ h ^ necessary for oiir proof of 
Holdei’s inequality. We derived the ine- 
gb hk 

quality ab<--|-- from Young’s in- 

h k 

equality under the conditions a>0, b>0 

-h , k 

and f(x) = x", 11 >0, Therefore ab< dl—F-— 

h k 

1 1 

a>0, b>0, h>0, k>0, and —^-|-=1 

h k 

Continuing the proof of Holder’s inequality 
consider the finite sums 
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A=(ah + alj + . . .(2" 


B-(bf +b^ + ....-l-b|; 




K.k 

■ Ob 


h k 

and refer to the inequality ab«S^_4- ^_. 

h k 

a b . 

Letting a--and b= for i->],2,...n 

A B 

we have 


1 '‘f =»2 ■ ■■• + 


C({af, aj -i ... L a;;)h)3h 
1 + •. + b*' 


[((b’^-h b^ f. ... + 

Tr (0 + i ( 1 ) ’ 


Multiplying both sides of this inequality by 

a bj ^ 1 Si h 1 bi k 1 

A ^ B h ^ A ^ ' k (^1 ' ^2'! ^n) ^(b^+ b 2 +---ib^)^ 

hich gives unon suinmine we have 


which gives upon summing 


aj bj + b 2 


„h , h 


I a b 
n n < 


1 (af 4- .5 + ... + *’»* 

- ^ + “n ^ .o?i 


1 (‘'l + ^\+ ■■■ + bJ) 


Now if A= (af + aJ + .. + ajj) 


and B = (b^ + b2 + ■ + b^ ) ^ 

then substitute and simplify to obtain 
+ ^2 *^2 + • • + b„ 


n n 




»bvh/,k, 


r<-0?i+(2Ua^N2L.O^'ir‘ 

which is Holder’s inequality. 

As previously stated, let h=k-2 and 
Holder s inequality yields Cauchy’s inequality 

Since a > 0 and b > 0, we may square each 
side without fear of introducing extraneous 
solutions to give the more familiar form of 
^ Cauchy’s inequality 
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Conclusion 

The twelfth or thirteenth year mathematics 
student may be bored with the repetition of 
certain mathematical methods, However, 
his interest and enthusiasm for new and more 
advanced mathematics is evidenced by the 
elementary functions and elementary analysis 
courses that are now appearing in the cur¬ 
ricula of school programmes in the U.S.A. 
This article is presented in hope of renewing 
this student’s interest in the inequality and in 
creating an awareness on the part of the 
teacher in what may be done at the school 
level, 

The usual derivation of Cauchy’s inequality 
may well be beyond the senior high school 
student’s comprehension. However, young’s 


inequality, ab< f (x) dx f'^(x)dx, 
0 0 

may be derived geometrically and easily 
understood by this type of student Inter¬ 
esting algebra provides Holder’s inequality 
from Young’s inequality and a simple subs¬ 
titution in Holder’s inequality brings forth 
Cauchy’s inequality. Although the deriva¬ 
tions of Holder’s inequality from Young’s 
inequality and Cauchy’s inequality from 
Holder’s inequality may be somewhat lack¬ 
ing in rigor in the sense of equality in each 
case, Tol ted’s original article on which this 
lesson is dependent (4) piesents a rigorous 
proof. The case for equality as presented 
by Tolsted is basically simple and requires 
but little further investigation on the part 
of the teacher (student). 
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A Scientific Deed 

S. A. Baiczin and M. C. Pant 


A S early as the dawn of civilization, man 
occasionally found in nature some 
of the chemical elements, among them such 
metals as copper, iron, silver and gold. 
These metals, copper and iron in parti¬ 
cular, have been so important in man’s life 
that entire histoiical peuods have been given 
their names, for instance, the bronze age 
and the iron age. 

The discoveiy of each new element was a 
major scientific event, sometimes it turned 
out to be a virtual revolution in science as 
for instance, the discovery of the element 
radium at the end of the 19th century 
By the end of the 18tb centuiy about 30 
chemical elements had aheady been discover¬ 
ed. Scientists began to think if it were not 
possible somehow to classify the elements 
by the similarity of their properties. The 
first attempt to classify the elements was 
made by the famous French scientist A. La- 
voiziei. In 1789 he published his book The 
Elements of Chemistry in which he made 
the first attempt at such a cla,saif]cation. 

In commemoration of the Hundredth Annirersary of 
the discovery of Periodic Law of Chemical elements 



Mendeleev 


By the similarity of chemical propci ties, he 
divided all the elements known at that 
time into foui groups, In group 1, he 
included oxygen, hydrogen and nitrogen. 
Thinking that heat and light were chemi¬ 
cal elements he eiioneou'^ly included these 
elements in group I In group 2, he in¬ 
cluded sulphui, phospliorus, carbon, chlo¬ 
rine and fluorine. The elements of this group 
were named (by him) “acid forming elements”. 
Silver, iion, arsenic, bismuth, tungsten and 
zinc were called by Lavoizier “the group of 
metals ” The oxides of calcium, ba.rium, 
silicon, aluminiiini and magnesium were in¬ 
cluded in gioup 4 as he considered them 
to be individual elements. Fie called this 
group “earthly salt forming metals.” 
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The impoitan.ce of Lavoizier’s ideas was in 
the fact that he had drawn attention to the 
possibility of arranging elements into groups 
by then similaiity. 

In 1817, the Geiman scientist Dobereinier, 
Professor at Yen University, drew attention 
to the possibility of arranging the elements 
in triads on the basis of their close similarity. 
Thus calcium, strontium and barium aie 
found in natuie in the form of salts of sul¬ 
phuric (sulphates), hydiochloric (chlorides) 
and carbonic (carbonates) acids. The sul¬ 
phates of these elements are piactically inso¬ 
luble in water while the chlorides are soluble. 
The oxides of these elements dissolve in 
water forming strong alkalis. 

Another such triad was foimed by the 
alkaline metals—lithium, sodium and po¬ 
tassium which had been obtained in 1808 
by the English scientist Davy by means of 
electrolysis from theii melted chloride salts. 
Dobereinier made an inteiesting observa¬ 
tion namely, that if the elements in the triad 
were arranged in the order of then increas- 
sing atomic weights, the atomic weight 
of the medium element was equal to half of 
the sum of the two extreme elements. Thus 
in the triad; calcium (4), strontium (87 6) 
and baiium (137), the atomic weight of 
strontium namely, 88 is an average of the 
sum of the atomic weights of calcium and 
barium. He discovered the same regularity 
in chlorine, bromine and iodine. However, 
not all the elements could be arranged in 
triads and Dobereinier gave up further effoits 
to classify them. 

As new elements were being discovered 
the need to classify them was felt ever more 
strongly In 1857 D. Newlands, the English 
chemist, arranged the elements, beginning 
with hydrogen, in the order of theii increas¬ 
ing atomic weights and discovered the re¬ 
currence of similar chemical properties for 
elements 1, 8 and 15. This was similar to 


the recurrence of the 8th pait in the musical 
octave. That is why he called this regularity 
the principle of the octaves. However, this 
simple regulaiity was observed only for 
some of the elements discovered at that time. 
Chemists were speculative about the New¬ 
lands’ idea and he himself gave up further 
attempts at classification. 

By the end of the 19th century, as many 
as 63 chemical elements had aheady been 
discovered Each individual element was 
being studied separately from others. 

The discovery of a new element was not 
linked with others and it was not possible 
to predict how many elements existed in 
natiiie as no common regularity had been 
found regarding their similaiities or diffe¬ 
rences. 

Figuratively speaking, the state of the 
science of chemical elements at that time 
could be compared to a box containing 
sepaiate pieces of a remarkable but broken 
vase. These pieces could be arianged by 
weight, coloiu and shape. Howevei, many 
of the pieces of this vase had been lost To 
restore the vase, it was necessary not only 
to locate the place of each piece but also to 
determine its shape. 

The German Scientist L. Meier had been 
quite close to solving this intricate problem 
when in 1864 he took the so-called specific 
atomic weights of the elements as their basic 
characteristic and obtained a periodically 
recurring curve related to the increase in the 
atomic weights of the elements. Arranging 
the elements in the order of their increasing 
atomic weights, Meier was confronted with 
the problem that the atomic weights of some 
elements fa.iled to fit into his table. This 
resulted in the violation of the periodic re¬ 
currence of the chemical properties of the 
elements. At the very last moment when he 
was on the verge of discovering true periodi¬ 
city of elements, he gave up his efforts. 
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It was then, that the Russian Scientist 
D.M. Mendeleev decided to tackle the prob¬ 
lem While a student at the Petersburg 
Main Pedagogical Institute, he took an 
inteiest m the various relationships bet¬ 
ween the properties of chemical elements. 
However, it took quite some time and a great 
deal of patient research before Mendeleev 
was able to solve the problems 

As a result of his IS-yeai study of the 
various physical and chemical properties 
of the 63 chemical elements known at that 
time, he accumulated an enormous amount 
of factual material. On a caieful analysis 
of this material Mendeleev found the answer 
to the question, namely, wha.t was the basic 
factor determining the chemical and physi¬ 
cal propel ties of each element? He con¬ 
cluded that the atomic weight was the basic 
characteristic feature of each element deter¬ 
mining its chemical, and some of its physical 
properties. Arranging the elements in the 
order of their increasing atomic weights and 
by comparing their properties, Mendeleev 
discovered a fundamental law of nature: 
“that the properties of bodies (elements) as 
well as the properties of combinations of 
elements are in a periodical dependence (or 
in terms of algebra, form a periodical func¬ 
tion) on the size of the atomic weights of the 
elements.” 

With an enormous amount of factual data 
on the properties of each chemical element, 
Mendeleev began to arrange them in the 
order of their increasing atomic weights 
taking into account their common properties. 
Arranged by the srze of their atomic weights 
the elements formed, in a natural way, a 
common system in which similar properties 
were periodically recurring after a certain 
number of elements. Similar elements form¬ 
ed groups in the vertical direction while the 
individual elements in these groups formed 


periods in the horizontal direction. Thus 
the periodic system, or the periodic table 
of chemical elements as it is called today, 
was created. This system was, a.s it were, a 
graphical representation of the periodic law. 

The initial version of this table was pub¬ 
lished on the 1st of March, 1869, i.e., 100 
years ago. 

In arranging the elements in his periodic 
system Mendeleev encountered many diOi- 
eulties. Unlike his predecessors, Mendeleev 
was confident that fie had discovered a new 
law of nature and that is why he wa.s guided 
by this law in his further elaboration on and 
improvement of, his periodic table. 

At that time the atomic weights of many 
elements were inaccurate. This accounted 
for the difficulties in making up the table. 
For instance the atomic weight of the element 
—berilHum was estimated to be 14, wliile 
according to Mendeleev this place was 
already occupied by nitrogen with the same 
atomic weight. Either the periodic law was 
wrong or the atomic weight of berilUum 
had been wrongly determined. According 
to its chemical properties, it should be 
between lithium and boron, but its atomic 
weight in this case would have to be 9.3. 
Bravely, Mendeleev deleted 14 and put 9 
for berillium in the original version of his 
table. 

Eighteen months later Mendeleev, proceed¬ 
ing from his law, changed the atomic weights 
of indium, cerium, uranium and others, He 
did this confidently believing rn the correct¬ 
ness of the law he had discovered. He did 
not hesitate to change the experimental data 
if these disagreed with the table. 

Mendeleev corrected the atomic weights 
not haphazardly, but on the basis of simi¬ 
larity and differences m the properties of the 
elements. For instance, the atomic weight 
of indium had been estimated as 75.6. Had 
it been correct, indium should have occupied 
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in the table the place which was occupied 
by zinc or strontium Mendeleev corrected 
not only the atomic weight of indium but also 
its valency. Indeed, as Mandeleev predict¬ 
ed, a more careful verification of the atomic 
weight of indium proved it to be 114 while 
its valency was 3. On the basis of a theoreti¬ 
cal conclusion only, Mendeleev corrected the. 
atomic weights of 9 elements and a.ll these 
corrections were later confirmed by further 
exprimental data. When arranging the 
elements in his table Mendeleev discovered 
disagreement between adjoining elements; 
he inserted a blank claiming tha.t this place 
belonged to an element yet undiscovered. 
Moreover, he predicted the physical and 
chemical properties. 

One can very well imagine the storm of 
indignation that wa.s caused among scientists 
by these corrections of atomic weights and 
predictions of new elements on such a “shaky 
basis” as a periodic law Such sentiments 
were expressed at the time by the Geiman 
scientist Meier. 

Mendeleev did not give up, but bravely 
continued his work on improving the table 
To him all the links and the entire architec¬ 
ture of the ‘remarkable broken vase’ with 
the missing pieces, was alrea.dy quite clear. 

Subsequent research confirmed his pre¬ 
dictions It took less than 5 years for the 
French Scientist Leacock-de-Buabordran to 
discover one of the elements predicted by 
Mendeleev. He called it gallium after the 
name of his mother country. The specific 
gravity of gallium as found by Leacock dis¬ 
agreed with the figure predicted by Mende¬ 
leev. All credit should go to the courage 
and insight of the Russian scientist for, when 
he learnt of the results of Leacock’s work, he 
wrote him explaining that he must have made 
a mistake in his calculations, thus obtaining 
a wrong result in determining the specific 
gravity of galUum. 


The French scientist was extremely sur¬ 
prised and even became indignant aftei all 
he was the only chemist in the woild who was 
holding the new element in his hands and it 
was he who had opportunity to study its 
propel ties, just to think of it the Russian 
chemist had ventured to indicate to him the 
imprecision of his experiment, a.nd that only 
on the basis of some theoretical thinking even 
without having actually seen the element. 
However, it was Mendeleev who was right 
When the element was moie thoioiighly 
separated from impurities the specific density 
of this element was found to be equal to that 
predicted by Mendeleev Greatly impressed 
by this Leacock later became a true worship¬ 
per of the genius of the Russian scientist 

Mendeleev predicted the existence in 
nature of 11 hitherto unknown elements and 
described the basic chemical and physical 
properties of three of them, 

The first of the elements pi edicted by him 
was discovered, as we know, by Leacock- 
de-Buabodran in 1875. Shortly after this 
in 1879 L Nilson, the Swedish chemist, 
discovered another element and called it 
scandium in the name of his motherland 
The properties of this newly discovered 
element co-mcided with Mendeleev’s predic¬ 
tions with surprising piecision Amazed by 
this, Nilson wrote that “it was a graphic con¬ 
firmation of the ideas put forward by the 
Russian chemist enabling one not only to 
foresee the existance of a simple body (an 
element) but also to describe in advance its 
main properties.” 

The third of the elements predicted by 
Mendeleev was discovered in 1886 by the 
German scientist Winaler who gave it the 
name of germanium The properties of 
this newly discovered element, as in the case 
of the two preceding elements, agreed with 
the properties predicted earher by Mendeleev. 
Truly, it was a triumph of the Periodic Law. 
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However, later on as new discovciies in the 
field of chemistry and physics were made, 
the validity of this law was subjected to 
many new trials, Thus, in the 80’s Recli and 
Ramsey (English scientists) discovered that 
atmospheric a.ir contained substantial quan¬ 
tities of an element which they named argon. 
T his element proved to be chemically inac¬ 
tive; where did it fit into Mendeleev’s perio¬ 
dic system? 

Under the Periodic Law, the chemical 
propel ties of the elements change with an 
increase in their atomic weights, But this 
element wa.s chemically completely inert. 
Soon after this the gas helium, similar to 
argon, was found in no,lure. 

Then Ramsey assumed that in nature there 
must exist a whole group of such elements 
which rn the periodic ta.ble must be placed 
between the most Tea.ctive meta,ls and the most 
reactive non-metals, Indeed, very »oon two 
more inert elements were discovered, Tn 
the sea,rch for new inert elements scientists 
were a.lready being guided by the Mendeleev 
Law. “In the way in which our teacher 
Mendeleev did it, I described as far as it 
was possible, the anticipated properties and 
expected reia.tionships of the element”, wrote 
Ramsey 

With the discovery of the group of inert 
gases the periodic system of chemical elements 
has become still more structurally refined. 
However, the Periodic La.w was still to go 
through further tiaiW, 

The end of the 19th century witnessed 
the discovery of radioactive elements. It 
was found that the atoms of radium, for ins¬ 
tance, spontaneously disintegrate with the 
formation of new elements. Thus the entire 
concept of the indivisibility of the atom 
was disproved. The end product of the 
decay of ra.diiim is lea.d In the periodic 
system there are only 11 places between 
radium and lead; while radium decays, 


more than 30 new elements are formed, 
How can these 30 elements be placed in 11 
squares? Upto that time Mendeleev and 
his .supporters thought that each place in the 
periodic system served n.s if it were a room 
in a large flat which us inhabited only by one 
resident (one atom of the given element) who 
is not entitled to piuss from one room into 
another. They had to admit that these ele¬ 
ments had atoms with different atomic 
weights. In this case one room (check) 
could admit several dwellers i.e. in one room 
there could be placed several atoms with 
different a.tomic weights but with the same 
chemical properties. If it were so then what 
was the main determining factor for a chemi¬ 
cal element? 

This thesis brought under attack the entire 
building constructed by Mendeleev, based 
on the assumption that the atomic weight of 
an clement is tire main fa.ctor determining 
the chemical cha racteristics of the element, 

However, this difficulty was shortly over¬ 
come. 

In 1913 while studying the complex stme- 
ture of the atom the young English scientist 
Mosley discovered that tite positive charge 
of the nucleus is equal to the ordinal number 
of the element in the periodic system. This 
discovery threw a new light upon Mendeleev’s 
Periodic System. The charge of the nucleus, 
rathei than the atomic weight, determines 
the chemical properties of the elements. 

The Periodic Law ha.d been discovered 
long before the complex strucUne of the 
atom was known. The mass of the atom is 
associated with the charge of the nucleus 
and increases in relation to the increase of 
this charge. But this sequence is not always 
followed by the elements. However, the 
great chemist had even made allowance foi 
this in his table. He had allowed three 
“exceptions” m his table putting heavier 
atoms before the lighter ones. For instance, 
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telluliiini whose atomic weight is 127‘6 
was put before iodine whose atomic weight is 
126'9. Mendeleev made these exceptions 
from his law on the basis of the propeities 
of these elements. But he had no data to 
account for these “exceptions”. 

In the light of Mosley’s discovery the 
reasons for these digressions became ap¬ 
parent In fact the charge on the nucleus 
of the iodine atom was greater than that on 
the nucleus of the atom of tellurium. 

What was the explanation? Subsequent 
discoveries solved this mysteiy too 

Rutherford and Soddy working in England 
assumed that radioactive decay results in 
the formation of new elements with similai 
charges but with different atomic weights 
That is why the same square of the 
Periodical system admits dwellers with the 
same characteristic elements (with similai 
chemical properties) but with different atomic 
weights Such atoms were called isotopes. 

That is why in the decay of radium more 
than 20 atoms can find room in 11 squares. 

Further research showed that almost every 
chemical element has its isotopes. 

Mosley’s discoveries stimulated a further 
search of new elements. The first element 
in the Periodic System namely, hydrogen has 
an ordinal number of 1 (the charge of the 
nucleus is equal to 1), while the last element 
known at that time namely uranium was 
element number 92. Consequently between 
hydrogen and uranium there had to be 92 
elements rather than 63 as was known by the 
end of the 19th century 
And indeed, a further search for these 
j^nown elements whose places m the table 
were not filled was crowned with success. 
By the middle of the 20th century all the vacant 
places in the Periodic System had been filled. 
Thus every prediction of Mendeleev was 
brilliantly justified. Throughout the entire 
history of civilization only 63 chemical ele¬ 


ments had been discovered while after Men¬ 
deleev’s discovery of the peiiodic law it ha.s 
taken less than half a century to find about 
30 new elements The compass for these 
discoveiies wa,s the Periodic Law However, 
the role of the Periodic La.w does not end 
there. Mendeleev predicted that the Perio¬ 
dic System did not end at the 92nd element, 
uranium. There had to be trans-uranium 
elements and this prediction has also become 
an established fact. Today not 92 but as 
many a,s 104 elements are known It is true 
that the Lran-suranium elements have been 
artificailly created in laboratories while only 
some of them have been discovered in insig¬ 
nificant quantities in nature However, in 
this case too, the guiding light for artificial 
preparation of trans-uranium elements has 
been the Periodic Law. In the lecture which 
he delivered in London on the 23rd of May, 
1890 at the invitation of Faraday Society, 
Mendeleev said “the years to come would 
not threaten the law; on the contrary, 
the yeais to come would contiibute to its 
development and improvement” “Before 
the discovery of the Periodic Law”, he said, 
“the simple bodies (elements) respresented 
only disconnected accidental phenomena of 
nature. There was no reason (in those days) 
for anticipating the discovery of any new 
simple bodies while those newly discovered 
were anunexpected novelty in their properties. 
The Periodic regularity gave the first oppor¬ 
tunity of seeing the yet undiscovered element 
at such'an enormous distance which hitherto 
the chemical vision yet unarmed with this 
regularity failed to see.” 

The Periodic Law has oveicome all the 
dilficulties in its way and today is the basis 
on which all modern science is developing. 

Academician Fersman wrote this on the 
significance ofthe Periodic Law. “The woild 
of substances which surrounds us can be 
represented in the form of an enormous Men- 
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deleev table unfolded according to the periods 
and broken down into individual lengths. In 
accordance with the Periodic La.w new 
theories will emerge and die, brilliant genera¬ 
lizations will replace our outdated concepts, 
greater discoveries will eliminate the dis¬ 
coveries of the past and will open up a new 
horizon yet unseen in its newness and width. 
All these will come and go but the Mendeleev 
Periodic Law will live on, develop and 


improve.” 

A hundred years ago Mendeleev had made 
one of sciences greatest discoveries wliich he 
bravely piotected and defended thus per¬ 
forming a truly scicntitlc deed. 

The intricate puzzle of the ‘remaikable 
broken vase’ has been solved and the vase 
restored as one of the greatest mira.cles of 
nature. 


Supplementary Readers in Science Series 

Weapons: Old and Now 

By Mir Najabat Alt 

Foolscap Quarto, pp. 76, 1967 Rs. 2.25 

This fascinating Iiltla ptiblioation is a primer on weapons both old and now. This book is attrac¬ 
tively illustrated and describes inteiesting weapons .such as the boomerang, the harpoon and even the 
South American bola, It talks of swords of many kinds, of guns and tanks and missiles, and takes the 
story tight up to latest inventions of modem warfare. 

The Life and Work of Meghnad Saha 

By Kamalesh Ray 

Foolscap Quarto, pp. 55, 1968 Rs. 1.70 

A short and interesting biography of one of India’s greatest scientists—Meghnad Saha. The 
author’s portrait of this eminent scientist—^from childhood to the days of dizzy eminence'—is done in 
a simple and attractive style Dr Saha’s highly sophisticated contribution in nucleai physics and other 
fields of science have been rendered in the simplest possible terms. The author also gives Dr. Saha’s 
other interests—archaeology, astronomy, sociology, education, religion, calender refoim, flood control, 
etc —which weie as enduring as his interest m science 


The Universe 

By P.L. Bhatnagar 

Foolscap Quarto, pp. vi-bZOO, 1967 Rs. 5.65 

A scholarly yet lucid account of the structure of the universe and its fascinating inliabitants thi 
galaxies, nebulae, stars and planets—with whom the author, Dr. Bhatnagar, is thoroughly al home 
The book is profusely illustrated and carries with it six stellar charts 


Copies available fiom- 
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Prof. Fred Hoyle FRS 


■pROF Hoyle leceived the Kalinga Prize 
-®- at a ceiemony ir New Delhi on February 
22 . 

The Kalinga Prize, for the popularisation 
of science, was instituted in 1951 by the 
Indian industrialist Mr. B Patnaik. It is 
awarded annually by an international jury 
under UNESCO sponsorship. Others to 
receive this: prize earlier are Sir Julian 
Huxley, Earl Russell, Lord Ritchie-Calder 
and Mr. Arthur Clark 

In India, Prof Hoyle is best known for the 
Hoyle-Narhkai theory on the problem of 
gravity which he and his Indian colleague. 
Dr J V Narhkar, propounded in 1964 

Prof. Fred Hoyle is Plumian Professor of 
Astronomy and Experimental Philosophy at 
the University of Cambridge, and Director 
of the University’s Institute of Theoretical 
Astronomy. He is a Staff Member of the 
Mt. Wilson and Palomar Observatories m 
California (U S.A.) and a visiting Professor 
of Astrophysics at the California Institute ol 
Technology. 

His work covers a wide field, an outstand¬ 
ing part of it being concerned with stellar 
structure. In the summer of 1964 he. Dr, 
J.V Narhkar, presented a paper to the 
Royal Society in which a new approach was 
proposed to the problem of gravity, and in 
1968 the two published the results of a new 
investigation of electro-dynamics. Some 
years ago prof. Hoyle became widely known 
as a leading exponent of the steady-state 
theory of the umverse; he later put forward 
a modification of his views before the British 
Association for the Advancement of Science 
and dealt with the subject further in the 
George Darwin Lecturer which he gave for 
the Royal Astronomical Society in November 
1968. 



Prof Fred Hoyle FRS 


Post Graduate Research 

Prof. Hoyle, a Yorkshireman, was born 
in 1915. He graduated at Emmanuel college, 
Cambridge, being scholar, prizeman and 
exhibitioner, he carried out post-graduate 
research as a Fellow of St John’s College. 
Shortly before world War II, he and Dr. R.A. 
Lyttleton promulgated their theory of the 
major importance, in galaxies’ development, 
played by the capture of interstellar material 
by stars. 

During the war Prof. Hoyle was employed 
for a period by the Admiralty on radar deve¬ 
lopment, but managed to continue his own 
research in his spare time. He returned to 
Cambridge, and was from 1945 University 
Lecturer in Mathematics until receiving his 
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prcyfessorkl appomtinent in 1958. He re¬ 
mains a Fellow of St. John’s, 

At the Cambridge meeting of the British 
Association in 1965 Prof. Hoyle reviewed 
recent research which appeared, he said, 
to indicate that the universe must once have 
been in a higher stale of density that it was 
today; he suggested a modification of his 
steady-state theory, budding up two pictures 
of the universe—first, a finite universe in 
oscillation; secondly (a view based on in¬ 
vestigations by himself and Dr, Narlikar) 
an infinite universe with oscillations in va¬ 
rious finite legions. 

In his lecture to Royal Astronomical 
Society in October 1968 Prof. Hoyle suggest¬ 
ed that the universe may be sustained by the 
creation of mattei within the massive galaxies 
and quasars and, drawing on his and Dr. 
Nailikar’s gravitational theory, postulated 
“gravitational collapse” which, instead of 
destroying its substance, would reverse its 
foice and lesult in the creation of new mate- 
lial These observations could lead to a new 
conception in Physics and also to a modi¬ 
fied picture of a ‘‘steady state” universe. 


Origin of Planets 

Another recent investigation by Prof, 
Hoyle with Dr. Wickriimasingbe, a staff 
member of the Institute of Thcoiclical As¬ 
tronomy, has led them to piopouud a theory 
of the origin of the planets. Concuriing 
with Alfvcn of Sweden, they believe that 
planetary material left the eontiacting sun 
during an early stage of its evolution with a 
transference of the sun's rotational momen- 
tum—and through calculations taking 25 
hours on the fastest available computer, 
they have studied the chemical history of the 
planetaiy nuilcrial from the stage when the 
disc left the sun’s equator to the time when 
the cooling of the gas led to the foimation of 
particles which built up into planets. 

Prof. Hoyle, who was elected a Fellow of 
the Royal Society m 1957, has written 
a number of books including other subjects 
besides cosmology. He has also written 
space fiction m the foim of television and 
stage plays. 

He mariied Barbaia Clark in 1939; they 
have a son and a daughter. 

Sy Courtesy; British Information Services 




JNTRODUCTION of biology, physics 
and chemistry as separate disciplines 
in Middle Schools classes in place of gene¬ 
ral science has become the current topic 
among the science teachers. It is but natu¬ 
ral to discuss such matter when such radical 
changes are brought about in the curriculum. 
Let us have a close look at the General 
Science Course for VI class as followed until 
recently and the botany portion prescribed 


Teaching of Biology as a 
Separate Discipline 


Mrs. Pathrose 

Biology Teacher, Mother’s International 
School, New Delhi 


for the same class and see whether we have 
taken a step better or for the woise, 

Curriculum 

In our school for the general science we 
were following this book ‘Adventures in 
Tropical Science for Juniors, Book 4’ in Class 
VI. The topics given in the book are: air, 
heat, light, sound, soil, factories of a plant, 
fungi, some familiar wild flowers, raideis 
of the night (mosquitoes), household pests 
(fly), spiders, ants, and watch the birds, 
The aim of General Science course was per¬ 
haps to make the children aware of the Inter¬ 
relationship between physics, chemistry and 
biology. But one fails to understand how 
this aim could be aclueved by inserting in 
the same book, some physics topics, some 
chemistry topics and some biology topics 
which do not have any direct relationships 
among themselves. Even if we take the 
biology portion alone into consideration we 
can see that theie is no sequence or grada¬ 
tion. Without the child understanding what 
a cell is, he is told in the topic ‘factories of 
a plant’ that there are many rooms called 
cells in a leaf and that there aie machines 


72 


HCHOOI. sen NCI- MARCH 196H 


which can prepaie food for thernsclves and 
also foi us. Just in the form of a story, 
the child is told about the manufacture of 
starch in the leaf. The cellulai structure of 
the root and the stem is not mentioned 
anywhere in the chapter but it is mentioned 
that there aie long pipes in the stem whLcIi 
help in the upwaid and downward transpor¬ 
tation of food This may even lead the child 
to think that there are no cells is the stem 
and the loot. When we start the next topic, 
we jump from tire flowering plant, immedia¬ 
tely into the fung and then again go back to 
some wild forms of flowering plants; when 
leaving the plant kingdom completely. We 
switch on to the animal life. This, 1 don’t 
think, is a logical appioach to the study of 
science. 

Now let us see what the new cimiculum 
started by the NCERT as a project is. I 
have been in touch with the botany course 
piescnbed for Class VI foi the last two and 
a half years, I find that enough stress, has 
been on the systematic approach to the 
Science The child has to acquire a good 
deal of knowledge each topic which helps 
him to understand the next topic and is based 
on the principle of the previous topic. For 
example, when a child has to understand 
the idea of t'ssue, he ought to know what the 
structuie of a cell is. Now a question may 
arise as to why should this young child ot 
ten years be told about the cell or tissue, 
when we the teachers had seen a cell only in 
our Intermediate classes. If a child does not 
know what a cell is, what a tissue is, and 
what tissues are present in the root, stem, 
leaf etc. how can the child get a real under¬ 
standing when we discuss the functions of the 
stem, loot. Leaf etc. From the cell we pass 
on to the seed. As the plant life has to 
start from a seed, it is a quite a logical ap¬ 
proach to start with the seed and its germi¬ 
nation and then starting from the root dis¬ 


cuss the other parts such as stem, leaf, flower 
and fruit 

Equipment 

Another point winch the new curriculum 
demands is the use of equipment for demons¬ 
tration and laboratory work. Vciy often 
we lake it for gninled that the children know 
many of the simple things that come across 
while teaching the subject and so, we reduce 
our teaching to simple narration. Heie I 
should mention a very interesting fact. I 
saw the radical and plumule of a seed, for 
the first lime in my life when I was doing my 
practice teaching during the training period 
aftei my degree course. The knowledge 
which we received was so theoretical and exa¬ 
mination-dominated that such simple things 
were never shown in the class, nor did the 
students bother to search for the truth of 
the acquired knowledge. In this connection 
I would like to refer to another experience 
of mine. A trial is on in our school 
to find out whether the course prescribed for 
sixth class could be taught to the fifth class 
also. We have in four sections—two in fifth 
class and two in sixth class I was taking 
both the sections of sixth class and one-sec¬ 
tion of fifth class. The othei Section of 
fifth class was taught by another teacher 
When we are teaching about the fat contents 
of the seed, I simply showed them some mus¬ 
tard oil and asked them from where the 
the oil was extracted. Of course, many 
children suddenly answered that it wa:. taken 
out of sarso ka beej (mustard seeds). 1 
was satisfied with this answer and I told them 
about other seeds like til, ground nut and 
coconut which also contain a good amount 
of oil. But 111 the other section of class Y, 
the teacher adopted another method, which 
of course is mentioned in the textbook i.e., 
to take some mustard seeds and crush them 
on a white sheet of paper so as to watch the 
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o]l streaks When all the four classes were 
tested on tins particular topic, in the class 
where the students were taught by the other 
teacher, the result of evaluation was cent pei 
cent wherea.s in all the other three classes the 
lesult was between 60 to 80 Here we see 
that if the children are allowed to handle the 
things and to make observations by them¬ 
selves, it is very easy for them to remember it 
Many other similar experiments are present¬ 
ed in the book which can easily be petfoimed 
by the students themselves, of com sc, under 
the guidance and supervision of the 
teacher Some such laboratory work 
aie examining the paits of a plant and those 
of a flower, observing the cells of an union 
peel under the micioscope, taking cioss 
section of root, stem and leaf and observing 
them under the microscope In shoit, no 
topic IS such where either a demonstration 
by a teacher or individtial experiment by the 
child IS not possible. 

Field work 

Excursions and field work are other im¬ 
portant features of the new cuiiiculum Some 
of the topics can very easily be taught m a 
field 01 in the school compound much better 
than in a classroom For example, take 
the case of teaching the dilference between 
cultivated plants and wild plants. Instead 
of the teacher lecturing in the class, if she 
can take the children into the school com¬ 
pound itself and show the plants grown m 
the school ga.rden and the bushes growing by 
themselves in nearby places, the child would 
easily understand the difference between the 
two. If they are helped to make a few col¬ 
lections of each category, then the piocess of 
learning becomes much effective Making 
them note the difference between herbs, shrubs 
and trees is another instance where field work 
could be utilised for better teaching. Sinu- 
laiiy, kinds of leaf arrangements inflorescence 


etc. could be taught effectively in the field as 
they would then be getting direct experience 
by handling the objects themselves. In a 
school compound hke ouis it is very easy to 
get all the kinds of aiiangeraent of leaves, 
venations etc. We have the convenience for 
a.dopting such methods of teaching However, 

I ha.ve not been Utilising this opportu¬ 
nity for teaching all those topics due to 
certain discipline problems which 1 shall 
discuss at the end. 

Daily life of tlie child 

The link between the text mateiial and the 
requirements of life is another feature of 
the new cuiriculum Jn the very beginning 
the children are made aware of the impor¬ 
tance of plants By telling them about the 
importance of plants, wc are able to culti¬ 
vate m them a sort of interest tn plants This 
kind of intcicst, taking root in their minds 
at such early stage ma.y lead to good be- 
liaviour. When they lealise the impoi- 
tance of green plants, then instinct in des¬ 
troying the plants will be lost and they will 
start taking care of the plants. The topics 
on irrigation, fertilizers and preparation of 
the soil are so directly related to the needs 
of the present Indian conditions that they 
help the children to get a good knowledge on 
farming Similarly by helping the children 
to handle small flowers of mustard and 
separate their snialL sepals, petals, stemens 
and a needle, and to keep them pasted on a 
sheet of paper in a systematic way, we are 
perhaps preparing the future doctors for 
the operation theatres tn the hospitals. 

Reaction of the Pupils 

Now I will come to the child’s reaction to 
the new system. From my own expeiience 
I can say that the childien are much more 
enthusiastic aud interested in the ‘new 
subject’ than they used to be m the general 
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science class. This may be because the 
General Science Course did not have any 
scope for giving the students a chance to 
do tilings themselves, But the present one 
provides them enough chances which auto¬ 
matically helps them to take more interest 
in the subject. In the classrooms I am 
always welcomed by a set of students who 
approach me with question as “Madam, what 
expeiiments are you going to do today?” or 
“are we ourselves going to do something?” 
By inserting the leaf in between the two cut 
pieces of a carrot, one of my students from 
the first batch, could prepare a better cross 
section of leaf than I could this is ically a 
creditable achievement for a class child. 
Reports from the parents that their children 
are most of the time busy in drawing botani¬ 
cal diagrams, growing seeds, experimenting 
with coloured water, starch and iodine, how 
much interest the cliildren are taking in the 
subject. Even the results of the examinations 
as indicated below are quite encouraging. 
In the exa,mination held in 1967-68, in class 
VI A, out of 22 students only two failed and 
the highest mark obtained was 89, In the 
B. section of the same class, out of 24 who 
appeared only two failed and the highest 
mark obtained was 88. 

Problems of the New Project 

Now let me come to the problems related 
to the new system, I do not mean that by 
the introduction of botany as a subject we 
have solved all our problems and I do not 
have any classroom difficulties. When the 
course was introduced in our school in the 
year 1966, we felt the need for a double period 
(for pupil activities) and one free period for 
the teacher before the practical period so as 
to enable the teacher to arrange things be¬ 
fore the children reached the class. Because 
of this reason, the need for a separate well- 


equipped laboratory arose, and ours being 
one of the experimental schools, we were 
supplied with all these facilities. Even when 
all the facilities are given, unless the teacher 
is fully informed to of the new method and the 
teacher is fully informed of the new method 
and the change in the outlook towards the 
subject, I don’t think a teacher could be 
successful. The summer course arranged by 
the N.C.E.R.T. and the ‘teachers’ guide’ 
provided by them were quite tiseful to me 
in getting line with the new method of 
teaching. 

Discipline in the Classroom 

Another problem relates to the mainte¬ 
nance of discipline in the laboratory and in 
the field In the practical class, one teacher 
has to attend to so many students at a time. 
Everyone needs attention, especially when 
they work with the microscope, All are 
excited and everyone is anxious to show his 
specimen. As a result, there would be so 
many calls at a time. But when you run from 
one place to another you would be simply 
disappointed when you look into the micro¬ 
scope, as there would be only very thick 
sections. But now I realise that there is no 
need for any disappointment. It is only the 
beginning of a work; they are just learning 
the method and are not yet experts even at 
the first attempt. My experience shows that 
from the root when they reach the stem, 
they do better. Similarly, while going for the 
field work, the attention of some of the stu¬ 
dents is diverted from the objects of study to 
other objects of their own interest. Many 
a time it becomes a problem for the teacher 
to control them. However, this I feel, is a 
temporary phenomenon, and the children 
will gradually come to the point of interest 
when they get experience of a number of 
such field work. 
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The Slow Learner 

Another problem relates to the weak stu¬ 
dents Even if the majority of children is inte¬ 
rested, and doing fairly well in the class we 
have to worry about the weak ones. They 
may not be weak in biology only They 
may as well be weak in other subjects 
also Such cases would be there even if the 
general science course is followed. There¬ 
fore the defect is not with the course but it is 
due to several other factors like the family 
circumstances, low IQ, etc. which the 
teacher has to deal with separately 

From the above a.ssessment of the ad¬ 
vantages and disadvantages of the new system, 
it IS, clear that the advantages aie more than 


the disadvantages. The new system has a 
better scientific approach it inculcates inte¬ 
rest in the child and helps develop the childs 
ability to analyse and understand the objects 
in a systematic way I have heard the 
story of a person who wanted to learn a new 
language He says, ‘The best way to learn a 
new language is to fall in love with a girl who 
knows that language and within a short period 
you can be the master of that language ’ 
The new system, in fact leads the children to 
such a position enabling them to have direct 
a cess to the objects of their study. I would, 
therefore, strongly lecommend the new sys¬ 
tem for introduction in all the schools in 
India. 


The Teaching of Chemistry as a Separate Discipline 

Miss Lalita Arora 

Chemistry Teacher, Government Girls Higher Secondary School, 
Sarojim Nagar, New Delhi 


pADICAL changes have recently been 
introduced in India with regard to the 
teaching of science in our schools. The new 
system of teaching chemistry as a separate 
discipline from class VII has been adopted 
in our school. I would like to discuss the 
advantages of the new system in the teaching 
of chemistry and about the difficulties we 
experienced at the beginning when we start¬ 
ed this new system 

In the previous years sciences were taught 
as separate subjects only from the 9th class 
but now according to the NCERT-UNESCO 
project the chemistry is begun in class VII 
itself. I myself did not hear about the word 
chemistry before I came to the 9th class. 


But a pupil in the 7tb class now not only 
has heard about chemistry but he also 
studies it. In the old curriculum of the 
general science in the 7th class there is 
hardly a lesson on chemistry although a 
little of biology and physics were taught. 
A student’s knowledge ui the 7th class about 
substances, their structure, composition and 
changes that take place in them was almost 
nil. But now the pupil knows there are 
certain particles which make up a substance 
and the changes it can undergo and other 
such details about substances. Again a 
pupil knew very little about oxygen and 
hydrogen except that oxygen was necessary 
for respiration and hydrogen was the lightest 
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gas wliich was used to fill balloons. But 
a student of the same class taught in the new 
way IS able to tell the symbol, the atomic 
weight preparation, physical and chemical 
properties and uses of hydrogen and oxygen. 
This would give one an idea of the gap bet- 
ween the old and the new curricula. Water 
and solutions are also topics included in the 
new material. A book used in geneial 
science of the 7th class does not mention 
about various solutions and water. Once 
the pupil know about solution and water it 
is easy to teach oxides, acids, bases and salts 
A pupil starts studying a lesson only after 
getting a background of it in the previous 
lesson. 

Cheinistiy is a subject which can be taught 
only by experiments and demonstrations. It 
can nevei be taught only with a black-boaid 
and chalk, Demonstration is an experi¬ 
ment foi pel forming by the teacher in front 
of pupils Experimentation means testing 
a hypothesis. 

All this work requires prior preparation by 
the teacher. Thus the load of work of the 
tea.chei is mcieased. Besides the increase 
of work there is lack of time and an unsuit¬ 
able time-table We usually get about 15 
peiiods a week as leisure periods. But half 
of these are taken up when the teachei goes 
as a substitute in place of the absent teacher. 
Thus on an average a teacher would get only 
one free period in a day. In this 35 or 40 
minutes the teacher has to think about so 
many other things in addition to corrections 
and home assignments, writing a diary and 
sometimes dealing with stockregisters, class- 
legisters oi receipt books. Any prepara¬ 
tion for the next class could be done only 
during tins period. These factors stand in 
our way of keeping ourselves up to date m 
our work. But with a little effort these 
problems could be solved at least partially. 
We could at least request our principals not 


to give us work as substitute teachers. We 
can also request for two continuous periods 
which could be utilised for demonstrations 
and experiments. We can also request for 
a free period before the double period to be 
used for setting up of apparatus and equip¬ 
ment 

Anothei difficulty is that the room may not 
be provided with enough furniture and may 
not be suitable for our work. One more 
difficulty is the lack of appaiatus. This has 
been solved to an extent by a special grant 
of Rs. 3,000/- by the Duectoiate of Educa¬ 
tion. Any lack of apparatus we try to make 
up by improvisation. The medium of ins¬ 
truction in schools is Hindi. The teachers 
often find it difficult to remember the terms 
in Hindi but with practice tins difficulty 
would be got over. 

Through experience 1 have found out that 
what appear to be veiy difficult become less 
difficult in the next session and I have faith 
that we could overcome our difficulties in 
the course of time. I may be permitted to 
quote an instance from my own experience. 
While teaching valency and molecular foi- 
mula to the 7th class for the first time I 
thought that this topic would be too difficult 
for the pupils. But this year I made it a 
little easy for the pupils to understand valency 
and molecular formula at the beginning 
of the lesson on structure and composition 
of the substances 

Chemistry is not confined to the class¬ 
room and textbooks. It has its own place 
in everyday life. Thus a pupil taught in the 
new way would know that chlorine is used 
to purify water and would also know the use 
of Potassium Permanganate against germs. 
He would also know that oxygen is good 
supporter of combustion. He would use 
this knowledge in daily life. In case of fire 
the pupil would immediately prevent if from 
getting of oxygen by covering the burning 
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material with something. 

Though under the new programme, physics, 
chemistry and biology are taught separately 
the pupils would know the relationship bet¬ 
ween these subjects when they study about 
crops m botany they ha.ve to study about 
fertilizers too, Other phenomenon in which 
knowledge of several subjects is necessary 
are photosynthesis in plants, conduction 
of food materials in the stem and the composi¬ 
tion of seeds 

I am glad to say thaf parents of pupils 
striding chemistry under the new Project 
feel very happy about it They are happy to 
see their children busy with a set of ferti¬ 
lisers 01 with different kinds of soils or with 
different metals. The children collect such 
things during their visit to place and by other 
means. 

Response of the pupils 

The best method of learning a thing is 
actually by doing it. In Chemistry classes 
first the children do some activities or observe 
something before they learn the behaviour 
and attitudes of pupils change. They start 
thinking in a logical way. They are always 
eager to know the ‘why’ and ‘how’ of a thing 
and sometunes the curiosity is the main 
leason for temporary indiscipline in the 


class. Their vocabulaiy has also incieased. 
They also become practical in then behaviour. 
They also express then interest in va,iious 
ways The number of pupils who pass m 
evaluation test is also on the increase Pie- 
viously, in the General Sciences classes only 
85 per cent of the pupils could pass. But 
in the 7th class in 1967-68 the percentage has 
increased to 95. 

The Role of NCERT and UNESCO 

We are receiving a lot of help from the 
NCERT in the teaching of the subjects in 
our schools. We a re guided by the Depart¬ 
ment of Science Education and by the UNES¬ 
CO experts, They hold legular seminars 
in which guidance mateiials a,ie distnbuted 
and they make us do all the experiments 
that we expect to do in a class or we expect 
the children to do We are also shown 
film-strips and other teaching aids. This 
gives us confidence in our teaching through 
demonstration and experimentation. We are 
also taught how to improvise small tools 
like fixing a plantmum wire in a hot melted 
glass rod, or burning sulphur in pure oxygen 
with a beautiful blue flame. The experts 
visit our schools and discuss with us the 
problems and suggest ways of overcoming 
them. 
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Study Group in Mathematics 
Jadavpur University 


^HE Study Group in Mathematics 
Jadavpur University, Calcutta-32 for¬ 
mally came into existence in October 1967 
with the obiect of preparing curricular mate¬ 
rials in Geometry. The syllabus for middle 
schools being already finalised, the flist task 
of the Gioup was to prepare the curriculum 
guides for classes V, VI, VII, The curriculum 
guides are intended for teachers and pros¬ 
pective authors of textbooks. In each of 
the curriculum guides, (consisting of a num¬ 
ber of units), the treatment in each unit was 
split up broadly under the following heads: 
(i) aims and objects of the unit (li) method 
of introducing concepts and subconcepts 
(iii) classroom and student activities (iv) 
understanding and skills to be achieved (v) 
exercises and (vi) the list of symbols, con¬ 
cepts and vocabulary in each unit. These 
guides were discussed with the other Group 
at Bangalore. In the meantime, textbooks 
were written by the Bangalore Group and they 
were discussed with Jadavpur Group. The 
content of the course in geometry is largely 
based on the notions of ‘transformations’. 
Apart from this, the curriculum envisaged 
includes the ideas on order relations, and 
orientation. It is these ideas that distin¬ 
guish the curriculum presented in the books 
from the traditional one, dominated by the 
Euclidean style. As these concepts are 
different from what have been followed 
hitherto, it was felt to prepare the teacher’s 
guides corresponding to every text book, 
and this may, it is believed, help in unfolding 
the essence of what is styled as new mathe¬ 
matics. The curriculum guides have also 
been tried out at the Summer Institutes 
held at Jadavpur University in the summer of 


1968 and are being recast in the light of the 
responses of the participants of the Institute. 
At present, the teacher’s guides are being 
prepared with an eye to illuminating the 
dilficult parts of the .syllabus. For back¬ 
ground study, a number of well-known books, 
Journals and articles have been referred to in 
the teacher’s guides and it is hoped that these 
will enable the teachers to form a clear ex¬ 
position of the materials to be taught. A 
note on the books, touching briefly on the 
topics in some of the books, has also been 
appended to in the tcachers's guide. The 
teachers’ guide a.Iso mentions the names of 
instruments that are essential for necessary 
class-room activities that should be so geared 
as to elicit ‘active learning’ and ‘discovering’ 
the ideas by the students themselves. 

The group consists of four teachers of 
Universities and four teachers of schools most 
of whom have been associated with the 
Summer Institute. 


NCERT Mathematics Study 

Groups 

J.N. Kapur, Indian Institute of Technology, 

Kanpur*. 

The National Council of Educational 
Research and Training took some steps to 
improve the teaching of mathematics some 
five years ago • 

1 It set up a panel of distinguished mathe¬ 
maticians to write model text books for 
schools and 

* Prof. J N Kapur is the convenor of the Coordi¬ 
nating Committee of five Study Groups m Mathe¬ 
matics. 
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2 Organised the first Summer Institute in 
school mathematics for school teacheis m 
1963. 

The panel produced the following five 
books: 

1 Insight into Mathematics—I by J.N. 
Kapur and K. Kapur (In Press). 

2 Teachers Guide to Insight into Mathe¬ 
matics-! by J.N Kapur, 1968 

3 Algebra for Secondary Schools by 
I N. Sinha (In press) 

4 Trigonometry for Seconda.ry Schools, 
by M.K. Singal and A.R. Singal (in 
Press) 

5 Elements of Probability by S K. Gupta, 
published in 1968. 

Duimg the past five years, 62 Summer ins¬ 
titutes have been held in which over 2700 
seconda.ry school teachers have been trained 
m new ideas and techniques in mathematics. 

Setting up of Study Groups 

The NCERT has recently set up five study 
groups in raathema.tics a.s part of their prog¬ 
ramme to evolve comprehensive curricula in 
all science subjects and in mathematics. 
This was decided as a result of recommenda¬ 
tions of a conference of scientists convened 
by the Council in April 1966 under the Chair¬ 
manship of Dr D S. Kothari. The five study 
groups are located at: 

i) Central College, Bangalore with Prof 
K Venkatachalieuger as Director. 

ii) Baroda University with Prof. U.N. 
Singh, as Director. 

iii) Hans Raj College, Delhi with Shri 
Shanti Narayan as Director. 

iv) Rajasthan University, Jaipur with Prof. 
G.C. Patni as Director. 

v) I I.T. Kanpur with Prof. J.N. Kapur as 
Director Convener. 

vi) Jadavpur University with Dr. D.K. 
Sinha as Director. 


The convenoi’s group has one reader, two 
lecturers a.nd two schools teachers as full¬ 
time members while the other group have one 
full time reader and four or five part time 
teachers from schools and colleges The 
first five were set up in October 1966, and 
the last in 1967. 

The Coordinating Committee of the Study 
Groups decided to undertake the following 
three projects. 

i) Elementary School Mathematics Pro¬ 
ject (E S M P ) for developing curricular 
materials for classes I-IV. 

ii) Algebra Project (A.P) for developing 
curricular material in Algebia (includ¬ 
ing arithmatic) for classes V to VII 
and VIII to X. 

hi) Geometry Project (G.P.) for develop¬ 
ing curricular materials in Geometry 
(including coordinate geometry and 
trignometry) for Cla.sses V-VII and 
VIII to X. 

The first was entrusted to the Kanpur 
group, the second was to Baidoda., Delhi 
and Jaipur Groups, and the thiid to the 
Bangalore and Jadavpur groups, It was 
also decided that work for classes V-VII 
should be based on knowledge of present 
primary curriculum only. 

The Elementary School Mathematics Project 

The Kanpur Groups ha.s so far produced 
the following materials 

i) A Handbook for teachers in mathe¬ 
matics for primary classes—Part I (for 
class I) 

ii) A Handbook for teachers of mathe¬ 
matics for primary classes Part II—(for 
class II) 

iii) A Handbook for teachers of mathe¬ 
matics foi primary classes Part III— 
(for class III). 
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iv) Aboxit 100 charts as aids to teaching of 
E,S M. 

v) Aboxit 60 models as aids to teach E.S.M. 

vi) Some aspects of School Mathematics 
—I: Acyclostyled volume of 305 pages. 

vix) Some aspects of School Mathematics 
—^II: A cyclostyled volume of 402 
pages. 

The target of the Group is to complete the 
Handbooks for teachers for classes I-IV 
and produce a standard kit of models and 
chaits for schools by June 1969. Thereafter 
it will undertake the preparation of standards 
texts, woik books and teachers guides. 

It is hoped that all the materials prepared 
by the Study Gioup will be available in 
English and Hindi by December 1969 and 
the tianslation in other languages will be 
done soon after. 

The Kanpur Study Groups has also orga¬ 
nised many training programmes for mathe¬ 
matics teachers of the region 
These training progranunes were based 
on the above materials produced by the 
Study Group and some books written by the 
author. 

The Algebra Project 

The Study Group at Jaipur has already 
produced textbooks for classes V,VI and 
VII The group at Baroda is producing an 
integrated textbook for class V. The three 
text books and teachers guides for these 
classes ate expected to be ready by June 1969. 

The Geometry Project 

The Study groups at Jadavpur and Banga¬ 
lore have produced teachers guides and text¬ 
books for classes V, VI and VII. These 
have been tested in schools in Banglore and 
Calcutta and the feedback has also been 
obtained from the participating teachers in 


the Summer Institute at Jadavpur. These 
books have also been discussed with the 
participants in the workshop in school mathe¬ 
matics held at IIT Kanpur and attended by 
representatives from eleven states. The text¬ 
books and teachers guides for classes Vlfl 
—are expected to be completed in 1969. 

The approach used in these books is of 
motion or transformation. The object is 
to enable the children to have a rich ex¬ 
perience of symmetry considerations and 
to lay the foundation for a later axiomatic 
development. 

There was a confeience on school mathe¬ 
matics organised in the last week of June 
1968. The members of the stxidy groups 
participated in this conference. Some 
foreign delegates were also present. 

National Workshop on School Mathematics 

In December 1968, representatives of state 
insitututes of education from Delhi, U.P., 
Panjab, Rajasthan, Madhya Pradesh, Gujarat, 
Maharashtra, Mysore, Tamil Nadu, Kerala, 
Andhra Pradesh met at IIT Ka.npur to dis¬ 
cuss the ESMP and GP materials. On the 
whole, the materials were received with 
enthusiasm and the representatives agreed 
to implement these in their states. 

The Future Programme 

It is intended to try out the materials 
developed m a few schools in 1969-70, and 
to improve these in the light of the feedback 
received. From these trials the books would 
be revised and transl?ited into Hindi. 

During the course of their work, the Study 
Groups have had the benefit of discussions 
with Mr. B Brared, Unesco consultant with, 
the NCERT and Dr, Roxitledge and Mr. 
Boys from Britain. ' 
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Summer Science Institutes 1969 


“PVURING the period 1963-68, the Uni- 
versity Grants Commission, in collabo¬ 
ration with the National Council of Educa¬ 
tional Research and Training and United 
States Agency for International Develop¬ 
ment/ National Science Foundation, orga¬ 
nised at various universities 233 summer 
institutes in science and mathematics for 
teachers from high/higher secondary schools/ 
PUC/Intermediate colleges, attended by 
nearly 9,000 teachers m mathematics, physics 
chemistry and biology The number of insti¬ 
tutes held during this period and the enrol¬ 
ment at the institutes are given below. 

The total number of American consultants 
associated with the academic programme of 
the institutes was 397. 

Programme for 1969 

During 1969, it is proposed to oiganise 
58 summer science institutes under the above 
programme from secondary schools/PUC/ 
Intermediate and Tiaming Colleges: 


Biology 11 

Chemistry 18 

Physics 15 

Mathematics 14 

Total 58 


Yea) No, of pwticipants Total 


Mathe- Phy~ Chenii- Bio^ 
mattes SICS stiy logy 


Yew No, of participants Total 


Mathe- Phy~ Chetm- Bio^ 
mattes SICS stty logy 


1963 

34(1) 

43(1) 

38(1) 

39(1) 154(4) 

1964 

169(4) 

170(4) 

148(4) 

153(4) 640(16) 

1965 

616(16) 

488(13) 

464(13) 

261(8) 1829(49) 

1966 

490(12) 

468(12) 

410(11) 

308(8) 1676(43) 

1967 

747(15) 

572(16) 

580(16) 482(12)2381(60) 

1968 

646(15) 

594(17) 

612(16) 450(13)2302(61) 


Total 2702(63) 2335(63) 2552(61) 1693(46) 8982(223) 


(The figures in brackets indicate the number 
of institutes). 


Location and Duration of Summer Institutes 


SI 

No 

University 

Institute 

Dates 

For Teachers 

From 

Director & Location 

1 

2 

3 

■ 4 

5 - ' _ 

BIOLOGY 




1. 

Ranchi University 

e June-19 July 

Assam, Rihar, West 
Bengal, Manipur, 
Tripura, Nagaland 
and NEFA 

Professor K.C. Bose, Depailitient of 
Zoology, Ranchi Univeisity, Ranchi. 

2. 

Meerut University 

12 May-21 June 

Uttar Pradesh 

Dr VP. Agarwal, Principal, D.A.V. 
College, Muzaifaraagar 

3. 

Agra University 

12 May-31 June 

Uttar Pradesh and 
Delhi ' 

Dr. C.P Singh,Departmento'fZoology, 
Agra College, Agra 
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Location and Duration of Summer Institutes— (Contd.) 


SI, Jnstiliiie For Teachers 

No. Vniverstty Dates From Director Sc Location 

1 2 3 4 5 


4. Punjab Universily 2 June-12 July Punjab, Haryana, Professor GP. Sharma, Deparlment 

Chandigarh, Hinta- of Zoology, Puirjab University, 

chal Pradesh and Chandigarh. 

Jammu & Kashmir 

5. Bombay University 1 May-11 June Bombay City and ProfessorT.G.Khubchandani, Principal 

Gujarat Jai Hind College and Basanlsmg 

Institute of Science, ‘A’ Road, Church 

Gate, Bombay. 

6. Ravishahkar University 12 May-21 June Madhya Pradesh and Dr. R.C, Agnihotri, Department of 

Rajasthan Botany, Government Science College 

Raipur (MP.) 

7. Poona University 28 April-7 June Maharashtra end Professor P.S. Karekar, Department 

Goa of Zoology, Fergusson College, Poona, 

8. Marathwada University 1 May-10 June Maharashtra Professor K.B. Deshpande, Depart¬ 

ment of Botany, Marathwada Uni¬ 
versity, Aurangabad. 

9. Andhra University 19 May-28 June Andhra Pradesh and Dr. B.S. Siva Rao, Department of 

Orissa Botany, Andlua University, Waltair, 

10. Madras University 5 May-14 June Madras, Mysore and Dr. P.J. Sanjeeva Raj, Department of 

Andaman & Nicobar Zoology, Madras Christian College, 
Islands Tambaram, Madras-59. 

11. Kerala University 16 April-28 May Kerala, Minicoy, Professor O.M, Mathen, Department 

Laccadive & of Biology, Union Christian College, 

Amindive Islands A]way6-2. 

CHEMISTRY 

12. Utkal University 12 May-21 June West Bengal and Dr.K.S.B.ao.'Departmeatof Chemistry, 

Orissa Regional College of Education, 

Bhubaneswar. 

13. Patna University 19 May-28 June Bihar, Assam, Professor J.N. Chalterjee, Depart- 

Manipur, Nagaland meat of Chemistry, Patna university, 

and NEFA Patna. 

14. Allahabad University 19 May 28 June Eastern U.P. Professor S.P. Tandon, Department of 

Chemistry, Allahabad University, 
Allahabad. 

15. A?ca Uilvorsity IS May-24 June Western U.P. and Professor S.N. Srivastava, Department 

Delhi of Chemistry, Agra College, Agra, 
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Location and Duration of Suroiner Institutes —ifiontd ), 


SI. 

No University 

Institute 

Dates 

For Teachers 

From 

Duector & Location 

I 2 

3 

4 

5 

16. Punjab University 

2 June-12 July 

Chandigarh, Punjab, 
Haryana, Himachal 
Pradesh and Jammu 
& Kashmir 

Professor B R Pun, Department of 
Chemistry, Punjab University, Chandi- 
gaih. 

17. Jodhpur University 

1 May-11 June 

Rajasthan 

Professor R C Kapoor, Depaiimenl 
of Chemistry, Jodhpur University, 
Jodhpur. 

18. Gujarat University 

1 May-11 June 

Gujarat 

Professor A M. Trivedi, Depailment of 
Chemistry,University School of Sciences, 
Gujaiat University, Ahmedabad. 

19. Indore University 

12 May-21 June 

Madhya Pradesh 

Profcssoi A.P. Shitoot, Department of 
Chemistry, Holkar Science College, 
Indore 

20. Jabalpur University 

12 May-21 June 

Maharashtia and 
Jabalpur Division 

Dr. S N Kaveeshwar, Principal, 
Government Science College, Jabalpur. 

21. Nagpur University 

28 April-7 June 

Vidarbha Region 

Professor NV Kaibelkar, Depailment 
Chemistry, Vidarbha Mahavidyalaya, 
Amravati, 

22. Bangalore University 

28 April-7 June 

Mysore and Goa 

Professor T.D Bhasker, Department 
of Chemistry, Central College, Bangalore 

23. Aimamalai University 

28 April -7June 

Madras and Anda¬ 
man & Nicobar 
Islands 

Dr K Ganapathy, Department of 
Chemistry, Annamalai University, 
Annamalainagar. 

24. Andhra University 

12 May-21 June 

Andhra Pradesh 

Professor M.N Sastri, Department 
of Chemistry, Andhra University, 
Waltair. 

25 Kerala University 

28 April-7 June 

Kerala, Minicoy, 
Laccadive & 
Amindive Islands 

Professor M.V. Verghese, Department 
of Chemistry, Sacred Heart College, 
Ernakulam. 

Special Institutes 

26. Rajasthan University 

12 May-21 June 

Science Methods 
(All India) 

Professor A.N. Bose, Department of 
Chemistiy, Regional College of Edu¬ 
cation, Ajmer. 

27. Mysore University 

1 May-10 June 

Training Colleges Shri S R. Rao, Department of Che- 

from Andhra, Mysore mistry, Regional College of Education, 
Kerala and Madras Mysore. 
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SCHOOL SCIFNCG MAG.CH 1960 
Location and Duration of Sommer Institutes— (Contd.) 


SI 

No. 

University 

Insiiiule 

Dale 

For Teachers 

Fiont 

Director & Location 

1 

2 

3 

4 

J 


28. Osminia University 

29. Madras University 

MATHEMATICS 

30. Utkal University 

31 Allahabad University 

32. Kanpur University 

33, Jammu & Kashmir 
University 

34 Sardar Patel University 

35 Jiwaji University 

36 Poona University 

37, Poona University 

38. Bangalore University 

at) Osinania University, 


12 May-21 June Special Institute 
(Using NCERT 
materia! for local 
teachers) 

5 May-14 June —do— 


12 May-21 June Orissa, Assam, Mam- 
pill, Tripura, Naga¬ 
land, NEFA and 
West Bengal 

26 May- 5 July Bihar nad Eastei n 
U.P. 

15 May-24 June Western U P. 

23 June-3Aiigust Punjab, Jammu & 
Kashmir and Hima¬ 
chal Pradesh 

5 May-14 June Gujarat and 
Rajasthan 

17 May-28 June MadhyaPrad^h 


28 April-7 June Maharashtra and 
Goa 

28 April-7 June Maharashtra 

Mathematics, J.S M 

30 Apnl-9 June Mysore '■ 


12 Mayn21' June Andhra Pradeds '" 


Professor V.R. Srmivasan, Department 
of Chemistry, University College of 
Science, Osmania University, Hydera¬ 
bad, 

Professor L.M Yeddanapalli, Depait- 
ment of Chemisliy', Loyola College, 
Madras-34 


Professor R. Misra, Department of 
Mathematics, Ravenshaw College, 
Cuttack. 

Professor Ram Kumar, Department of 
Mathematics, M.N R, Engineering 
Coliegc, Allahabad. 

Professor SP Nigam, Deparlment of 
Mathematics, DAY. College, Kanpur. 

Professor M,R Puri, Deparlment of 
Mathematics, Jammu & Kashmir 
University, Jammu. 

Dr. B.S. Yadav, Deparlment of Mathe¬ 
matics. Sardar Patel University, Vallabh 
Yidyanagar. 

' Trofessol-S.K.D. Gaur,DepaTlnieht bf 
Mathematics, Government Science 
Coliegc, Gwalior. 

Professor M.N. BHat, Deparlment of 
Mathematics, M.E.S, College, Poona. 

Principal R.T. Kulkarni, Deparlment of 
Mathematics, J.S.M. College, Alibagh. 

" PtofeMot J, F'.Noronhaj Department 
of Mathematics. Central College 
Bangalore. 

'Dr. Afzal Ahmad, pepartment’ 
Mathematics, ' Ostnama University, 
Hyderabad. 
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Location and Duration of Summer Institutes— (Conld ) 


SI 

No. University 

Institute 

Dates 

For Teachers 

From 

Diiector & Location 

1 2 

3 

4 

5 

40 Madras University 

28 'April-7 June 

Madras and Anda¬ 
man & Nicobar 
Islands 

Dr Surya Prakash, Department of 
Mathematics, Madras Jnstitiite of 
Technology, Clirompet, Madras-44. 

41. Kerala University 

16 April-28 May Kerala, Minicoy 
and Laccadive & 
Amindive Islands 

Professor S. Paramesvaran, Department 
of Mathematics, University College, 
Trivandrum 

Special Institutes 




42 Delhi Umveisity 

5 May-14 June 

Sequential(All India) 

Shri P.D Gupta, Piincipal, Ramjas 
College, Delhi'7. 

43. Gujarat University 

5 May-14 June 

Tiainmg Colleges in 
Modern School 
Mathematics 
(Ail India) 

Professor P C. Vaidya Department of 
Mathematics, University School of 
Sciences, Gujarat Unicisity, Ahmeda- 
bad. 

PHYSICS 




44. Gauhati University 

26 May-5 July 

Assam, Manipur, 
Tripura, Nagaland 
&NEFA 

Professor H Goswami, Department of 
Physics, Cotton College, Gauhati-1, 

45. Bhagalpur University 

12 May-21 June 

Bihar and West 
Bengal 

Professor S P Smha.TNB College, 
Bhagalpiii 

46 Kanpur University 

26 May-5 July 

Western U P., Delhi, 
Punjab, Chandigarh 
Haryana, Himachal 
Piadesh and Jammu 
& Kashmir 

Professoi B.S Bhargava, Department 
of Physics, V S S D Nawabganj, 
Kanpur 

47. Allahabad University 

26 May- 5 July Eastern UP. 

Professor S.P Tewarson, Department 
of Physics, Ewing Christian College, 
Allahabad 

48. lodhpur University 

12 May-21 June Rajasthan 

Professoi S, Lokanathan, Department 
ofPhysics, Jodhpui Universtty, Jodhpur 

49 Udaipur University 

19 May-28 June 

Rajasthan 

Shu D.S Kothari, Depaitment of 
Physics, M.B. College, Udaijjur Uni¬ 
versity, Udaipur 

50. Vikram University 

5 May-15 June 

Madhya Pradesh 

Professor G S Shrikantia, Department 
of Physics, Regional College of Edu¬ 
cation, Bhopal-2 
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towtlonandDuratloiiot 



SL 

No. 


MiliilB 

Dale 


for Teachers 
From 


Director & Location 



51 Ravishaakar Univetsiiy 

52, Sardir Patel University 

53, Poona University 
54 Sliivaji University 

55. Mysore University 

56, Osmania University 

57. Madras University 

58, Kerala University 


12 May-21 June Madhya Pradesh 

and Orissa 
28 Aptil-7Iune Gujarat 

1 May-10 June Maharashtra 
5 May-14 June Maharashtra and 

Goa 

1 May-10 June Mysore 
12 May-21 June Andhra Pradesh 


2lApril-3lMay Madras and Anda¬ 
man & Nicobar 
Islands 

16 April-26 May Kerala, Minicoy, 
Laccadive & 
AmindWe Islands 


Dr.J.N. Das, Department of Physics, 

College ofscience, Raipur. 

Professor A.R. P^tel. 

Physics, SardarPatel University.Vallabh 

Yidyanagar. 

Professor S.G. Khandkekar, Principal, 
premraj Sarda College. Ahmednagar, 

Dr YS. Patankar. Departmmt of 
Physics, Shivaji University, Kolhapur. 

Dr Y. Rajamadhava Rao, Depart¬ 
ment of Physics, Regional College of 
Education, Mysore-6. 

Dr. N. Rajeswara Rao, Department of 
Physics. University College of Science. 
Osmania University, Hyderabad. 

Dr G,A.SavariRaj.Deparimentof 

Physics, St. Jospeh's College, 
Trichinapally. 


Protoo, T,B. Tkom.. 
of Physic, Union ChnsWn Coileie, 

Alwaye-2. 




Gaps Filled 

Up to now, laser outputs have been res¬ 
tricted to separate frequencies. If a parti- 
[cular frequency were needed, the nearest one 
that a laser could produce had to be accept¬ 
ed. The new discovery fills the gaps in the 
spectrum, and frequencies can be selected 
at will. 

In the SRDE system, the light output from 
a laser is passed through a cell filled with a 
special liquid. It undergoes a process called 
“beam trapping” which makes an enormous 
range of light frequencies available. 

From these any one can be selected by 
means of a crystal of lithium niobate. This 
crystal will transmit a particular frequency 
according to its temperature—so by heating 
and cooling this the whole range of light 
frequencies can be scanned. 

Because of their enormous band widths, 
laser beams of coherent light travelling along 
optical wave guides could carry thousands 
of telephone circuits, data transmissions, 
radio and television programmes, and so on. 
The discovery brings nearer the day when 
these potentialities might be exploited. 

By Courtesy: British Information Service 


Laser Beam May Provide 
Communications Links 

^ big step towards communications systems 
which uSe light from lasers in the way 
that radio waves are used now has been 
atmounced in London. 

It is possible to sweep across visible light 
frequencies from blue-green to infra-red, 
using an input at one frequency. There 
are possibilities, too, of extending the range 
into 'the' ultra-violet.' 


Rescuing Waste Rain Water 

Billions of cubic metres of rain water 
which usually go to waste may be harvested 
for agriculture and industry through runoff 
inducement methods developed by scientists 
of the Hebrew University of Jerusalem. 

For the last three years, a team of Uni¬ 
versity soil physicists, headed by Dr. Daniel 
Hillel, 37, of the University’s Faculty of 
Agriculture in Rehovot, has conducted 
extensive research on runoff inducement in 
arid land in cooperation with scientists of the 
Volcani Institute of Agricultural Research. 
The Project, comprised laboratory as well as 
fi.eld trials. 
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Among the team's findings is that water 
harvesting according to their methods may 
eventually prove more economical tlian 
desalination and conveyance of sea-water, 
so often held to be the ultimate solution to 
the problem of water supply in arid regions. 

As an example of what may be in store. 
Dr Hillel said that Israel receives some 8 
billion cubic metres of rain water annually, 
of which only 1.2 billion are harnessed and 
utilized in actual practice. Much more can 
be made available if grounds suifaces un¬ 
suitable for cultivation can be allocated for 
lunoff inducement. 

According to Dr. Hillel’s definition, runoff 
IS the amount of lain which does not enter 
the sod but trickles off the surface. In humid 
and semi-and regions, runoff is generally 
undesirable as it entails loss of wa.tci in field 
and eiosions. In ariz zones, on the other 
hand, as well as wherever soil is non-arable 
(too stony, shallow, saline or steep), runoff 
inducement ma.y be the only wa.y to use the 
watci. 

Dr Hillel explained that to serve as a de¬ 
pendable source of water, runoff must be 
induced a.rtiflcially The problem under 
investigation by his team had been to deve¬ 
lop effective methods of treating the soil for 
runoff inducements and evaluate the per¬ 
formance. 

"Water Harvesting 

By artificially sealing land surfaces, the 
Hebiew University scientists have caused 
rhe soil to reject the rain and collect the water 
off the slopes. The runoff inducement, 
which, the researchers also call water har¬ 
vesting, IS done by means of mechanical 
treatments (stone dealing, smoothing and 
compaction), as well as by a variety of chemi¬ 
cal treatments in order to crust, blind and 
water-pioof the soil surface. Through these 
methods, which should be preceded by re¬ 


moval of vegetation, it is possible to in¬ 
crease runoff several-fold. 

Water obtained through runoff can be 
used either directly in agriculture to irrigate 
crops or indirectly for urban, industrial or 
engineering purposes, such as to fill ponds, 
cisterns or storage dams, or for groundwater 
recharge. 

The main advantages of runoff, Dr. Hillel 
pointed out, includes, high quality water 
(not saline); availability in highlands (saves 
energy since conveyance of water to highlands 
involves gretit pumping costs) and avail¬ 
ability inland far from the sea. 

While runoff utilization is not new in this 
part of the world, it is only now being per¬ 
fected in ordei to become a reliable source 
of walej. Runoff farming was practised in 
the Negev ui ancient times by the Isiaelities, 
Nabateans, Romans, and Byzantines. 
Archeological evidence of the widespread 
application of this agricultural method 
abounds in the Negev Highlands region, 
but even at best the ancients were not able 
to collect more than and average of 10 
per cent of the annual rainfall, while the 
remaining 90 per cent soaked into the 
ground. 

“Through scientific methods we are now 
able to get an 80-90 per cent yield of the rain¬ 
fall with only 10-20 per cent going to waste,” 
Dr Hillel said, a.dding that circumstances 
now seem ripe in the settuig-up of a pilot 
project for a large-scale and longterm econo¬ 
mic trial to examine the experimental re¬ 
sults under actual conditions of use. 

Dr. Hillel has spent several years of his 
life in the Negev desert as a founder member 
of Kibbutz Sde Boker, He has also served 
as an agricultural research adviser tp the 
'Government of Burma, and a visiting Re-, 
search Fellow at the University of Cahforma, 
Davis, and the United 'States Saliipty 
Laboratory, "Riverside. He is at present 
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Head of the soil Science Department of the 
Hebrew University 

By Courtesy: Co sulat; of Israel, Bombay 

Nuclear-Powered Heart 
Pacemaker 

Nuclear-powered pacemakeis—small de¬ 
vices implanted into people with some forms 
of heart trouble —are being developed in 
Britain They give the hea.rt muscles an elec¬ 
trical boost to aid normal contraction. 

Previously, pacemakers have been powered 
by tiny mercury batteries that last about 
three yeais The power unit now being deve¬ 
loped a.t the Atomic Energy Research Es¬ 
tablishment at Harwell (Southern England) 
uses a radioisotope, plutonium 238, with 
this unit a life of more than 10 yea rs is feasible. 

Stainless Steel Cylinder 

Heat from the rrdioactive decay of the 
isotope IS converted into electricity by a 
miniature thermocouple which, together 
with the fuel, is implanted m the human 
body within a5X 1 cm stainless steel cylinder 

The cylinder prevents atomic particles 
radiated by plutonium 238 fiom damaging 
the body tissues. Only foui-tenths of a gram 
of the plutonium fuel is used in the nuclear 
“battery”. 

Exhaustive tests have been made on the 
cylinders to safeguard a,gainst fracture. The 
tests included crushing under a load of two 
tons, and heating at 8500 Centigrade for 
several hours with an internal pressure of 
10,000 lb per square inch. 

Prototype 

A prototype of the nuclear-powered pace¬ 
maker has been running since June last year, 
generating 72 pulses a minute and driving a 
commercially designed pacemaker ciremt. 


Trials on animals aie expected to begin this 
year, and clinical tiials with heart pa.tients 
will follow. 

By Courtesy. British In.foimition Seivices. 

Skin Grafts Taken from Cancer Patients save 
Lives 

It may seem strange that a canccr-afflicted 
patient can help another patient to suivive, 
but Israeli scientists have discovered that this 
is so in the case of skin grafts. Such grafts, 
taken from donors suffeiing from malignant 
tumors, endure for a significantly longer 
time before rejection than skin grafts fiom 
non-tumorous patients. This may help 
the recipient patient to overcome the criti¬ 
cal period before his own skin grows, ac¬ 
cording to research work done by Di. Nahun 
Ben-Hur, of the Ha da,ssah-Hebrew Umveisity 
Medical Centre, and his colleagues. 

This discovery may have considerable 
clinical implications. In cases of severe 
burns or other injiuies skin grafts aie used 
as ‘biological dressings’, to prevent infection 
and to stop leakage of proteins, electrolytes 
and other vital substances, Unfortunately, 
the eaily rejection of the skin graft may make 
it impossible for the pa,tieDt to retain the 
biological dressing and he dies. If the life 
of the graft can be significantly prolonged, 
the patient can be saved. Skin grafts taken 
from patients with malignant disease have 
the necessary prolonged suivival time before 
rejection 

70 per cent burns 

This was proved at Hadassah, when Dr. 
Ben-Hui and his team treated a young 
patient with second and third degree burns 
involving 70 per cent of the body surface, 
by grafting skin from several donor patients. 
One of these had died from cancer of the 
larynx, while the others had died from non- 
malignant diseases. The graft from the can- 
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cer patient survived for 60 days while those 
from the other donors survived only 12-19 
days. The prolonged survival time of the 
skin, from the cancer patient enabled the 
burnt patient to overconte the critical period 
and after 128 days he left the hosp'tal 

The problem in transplanting organs or 
skin from one person to another is rejec¬ 
tion by the recipient, as is well known from 
the cases of heart traitsplant rejection re¬ 
ported lately. 

The reasons for rejection of a transplant 
IS that nature has provided the bodies of 
living creatures with a wonderful system of 
immunity 'When a foreign protein, such 
as a bacteria or virus, enters the body, anti¬ 
bodies are formed wliich rush to attack it. 
The same process goes on with a transplant 
which rs regarded by the body as an invader. 
Each foreign protein has a certain characteris¬ 
tic pattern of transplantation antigens, 
which stimulate the formation of specific 
antibodies ca.pable of destroying. The usual 
accepted method of combating this immunolo¬ 
gical response of rejection to grafting is to 
try to depress the number of antibodies be¬ 
ing produced by the body to fight the foreign 
protein. This is done by administering 
cortisone, cyto-toxic cell agents, anti-white 
blood cell serum, or by means of radiation. 

Grafts survive 

In previous work at Hadassah, Professor 
Zvi Neuman, Professor Abraham Hochman, 
Drs. E. Robinson, N. Ben-Hur, S. Biran 
and J. Shulman found that in 40 patients, 
who were subjected to two skin transplants, 
one from a normal donor and one from a 
patient with cancer the survival of the grafts 
from the cancer patients was significantly 
prolonged. 

In experiments with mice suffering from 
tumors. Dr. Ben-Hur and Ms team found 
that skin grafts taken from these mice and 


grafted on to normal mice survived signi¬ 
ficantly longer periods than grafts taken 
from normal mice. When healthy mice were 
injected with tumor and then a week later 
skin was taken from them for grafting, the 
results were remarkable; the survival time 
of the grafts was three times longer than that 
of grafts taken from mice without tumor 
injections. This suggested the idea that there 
is a release of some factor from the tumor 
cells which is responsible for the prolonged 
survival time of the grafts. This factor has 
been designated as the “antigen loss factor”, 
and further research is being carried out to 
find the active principle involved in the pro¬ 
longation of the life of the graft. 

For his work, both clinical and experi¬ 
mental, on transplantation biology, Dr. Ben- 
Hur lias been awarded the 1968 Prize of 
the Education Foundation of the American 
Society of Plastic and Reconstruction Sur¬ 
gery. He reported on his work at the recent 
international congress of surgeons in Jeru¬ 
salem. 

By Courltisy. Consulate of Israel, Bombay 


Spy Oat Quasars 

Arthur Bourne 
Editor SPECTRUM 

Q ueen Elizabeth inaugurated Britain’s 
new £ 1,000,000 Isaac Newton telescope 
at the Royal Greenwich Observatory at 
Herstmonceux, Southern England. 

The 90-inch telescope has been designed " 
and built by the firm of Grubb Parsons, the 
famous optical and scientific instrument 
manufacturers based at Newcastle-upon-Tyne ' 
in North-East England. 
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The Isaac Newton telescope is the largest 
in Western Europe and the fifth la.rgest in 
the world. Its huge mirror can collect light 
from the remotest parts of the universe. 

Its main use will be in studies of remote 
galaxies and in particular the search for, 
and the study of, quasars-stars that give out 
more light than an entire galaxy and which 
may provide keys to the origin of the 
universe. 

Isaac Newton, the English mathematician 
and astronomer, invented and built the first 
reflecting telescope in 1968. His telescope 
would stand on a table. But the Herstmo- 
nceux instrument is housed in a 90-foot-high 
dome which can be seen for miles around. 


The telescope itself stands on a platform 
48 feet high to raise it above the surround¬ 
ing round mists The design embodies 
unique engineering achievements, such as 
the compressed air ba.g which supports 
the 98-inch minor and the 22-foot-diameter 
high-pressure oil bearing which supports the 
100 tons of moving parts. 

The dome, which weighs 120 tons, can 
be rotated completely in four minutes. 

The instrument is expected to have a useful 
life of at least 50 years and will enable 
British astronomers to play a leading part 
in observational astronomy, looking for 
objects which up to now have only been 
discovered by radio astronomers. 




Annual Conference of the All 
India Science Teachers 
Association 

T he ISlh Annual Conference of the All 
India Science Teacher's Association was 
held 8,t Ambala undei the chairmanship of 
Di A C. Joshi, Vice-Chancellor, Bana,ra.s 
Hindu University during Decembei 25-29, 
1968. The Confeience was ina.ugura.Led by 
the Governor of Haiyana in the morning of 
December 26 Shri Chalcrvarty emphasised 
the need for developing science education in 
India in both quantity and quality. Di. S.K. 
Mitra, the Joint Director of the National 
Council of Educational Resea,rch & Training 
opened the exhibition of scLentilic instru¬ 
ments, equipment and books. Three symposia 
were held on the following topics. 

1. Science Textbooks are a hindrance to 
the teaching and learning of science. 

2. Evaluation in science and mathematics. 

3. Programmed learning in science and 
mathematics. 


All the three symposia atlractcd much 
allention and a large number of delegates 
parlLcipated, 

Dr, R.C. Paul, Professoi of Chemistry, 
Punjab Uiiivcr.sily, Chandigarh, dclivcicd 
the Krishnan Memorial Lecture in which he 
related how inorganic matter changed to 
organic on the earth, 

Guest lectures were delivered by Dr, U.K, 
Bose of Metcrological Department, New 
Delhi on “Basic concepts in Meterology”, 
by Mr. R, Jayaraman, Scientist, CSIR, on 
“The main issues in Oceanography'’; by Shii 
O.P. Kahol, Principal, GMN College, Ambala 
Cantt, on “Scientilic and Social Implications 
of Space Travel” and by Pi of. B.S Tewari, 
Department of Geology, Punjab University 
Chandigarh on “Geology in the Service of 
Man”. 



Shn Chakravarti, Governor of Haryana viewing the 
Exhibits of the Department of Science Education 
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Some foreign delegates also took piominent 
part m tlte activities of the conference. Dr 
A. Ba.lezin, Chief of the Unesco Team in 
New Delhi spoke on ev.aluati,on in science 
and mathematics; Dr. Irwin L. Slesndc, 
Science Advisor, USAID, spoke on lesponsi- 
bilities of science teaching community fo 
popiila.tion pioblem, and Pio£ H. Meiners. 
of the National Science Foundation, New 
Delhi spoke on Harvard Pioject Physics. 
Subject sessions in Physics, Chemistry, Bio¬ 
logy and Mathematics were held in the after¬ 
noon of December 27 in which the delegates 
were exposed to the ma.terials prepared by 
by the NCERT Study Groups a.nd those 
prepared under tlie NCERT j Unesco 
Pioject 

The Valedictory' Function was presided 
over by the Piesident in which Di. P V. Kahr, 



Improvised Apparatus m Chemistry Tedching 



Impioviscd Equipment for Tiaching of Physics 


Deputy Diiector, Unesco Centre for Science 
and Technology in South Asia delivered the 
Valedictory Address and Shri D.I Lai, DPI, 
Haryana gave away the prizes to the award 
winners m the teacheis and students Science 
Activities competition 



Equipment for Study of Mathematics 
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Equipment to show Muscle contraction In a Frog 
used in the Teaching of Biology 

The Association passed a few resolutions 
regarding the improvement of science and 
mathematics education in the country. 


Seminar of the Representatives 
of State Institutes of Science 
Education 

fpllE seminar of the representatives of 
State Institutes of Science Education was 
held from March 7 to 14, 1969. The main 
purpose of this seminar was to familiarise 
the details of the NCERT/Unesoo Project 


for the Improvement of Science Teaching to 
all the representatives of the State Institutes. 
The Department of Science Education has 
already prepared all the curriculum materials 
Textbooks and teachers guides for the three 
years of the middle school stage and these 
books are being tried in 30 experimental 
schools in Delhi. The Delhi administration 
has introduced the material in class VI in 
all the schools beginning from June 1968. 
Other States who have shown interest in these 
are—Andhra Pradesh and Mysore. In order 
to make these materials famiUar to all, rep¬ 
resentatives of different State Institutes of 
Science Education and State Institutes of 
Education were called for a seminar. The 
seminar was inaugurated by Dr. S.K. Mitra, 
J.D. of the NCERT on March 7. Then 
there was a general discussion of the prog¬ 
ramme following an address by Dr. M.C. 
Pant. One day was spent in listening to the 
reports of the activities of the different State 
Institutes of Science Education with regard 
to improvement of science teaching in their 
respective states. 

As part of the second stage the Depart¬ 
ment of Science Education has developed 
syllabi for the three classes of the high school. 
The philosophy, scope and depth of these 
materials were discussed by different subject 
experts of the department. On the third 
day the participants discussed primary school 
science programme and the Handbooks for 
primary teachers developed by the Depart¬ 
ment of Science Education. In the afternoon, 
there was a discussion on the preservice and 
inservice programmes proposed by the De¬ 
partment. The next two days there was a 
discussion of the middle school science prog-, 
ramme and the materials prepared under the 
project. The materials prepared by the 
different Study Groups of the NCERT were 
also discussed. 

They were shown the equipment and kits 
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developed for physics teaching and for 
chemistry teachmg. They were also shown 
several experiments featured m the teacliing 
materials in biology, On the last day the 
delegates discussed the action programme in 
winch their institutes could collaborate 
with the Department of Science Education. 
The participants also visited the National 
Council of Science Education one afternoon 
On the whole the discussions were very 
fiuitful and it is hoped that many of these 
States would eithei adopt or adapt the mate¬ 
rials prepaied by the D S E in science and 
mathematics. 


International Conferences 

The Department received invitations to 
paiticipate m the following international 
seminars and conferences and contributed its 
experience m the development of programmes 
of Science Teachmg. 

1. Evaluation in Chemistry Teachmg orga¬ 
nized by the International Unit of Pure and 


Applied Chemistiy in collaboration with the 
UNESCO at the University of Paradeniya, 
Kandy, Ceylon. 

2 Regional Workshop for UNESCO/UNI¬ 
CEF assisted projects m science education 
in Asia held at Bangkok (November 1968). 
3. Planning meeting for UNESCO’s 
programme in integrated science teaching 
organized by UNESCO at Paris (March 
1969), 

Dr M C. Pant, Head of the Department 
of Science Education represented India at 
all these seminars and conferences. 



Dr. M C. font in the Regional Workshop 
—UHESCOlUMICEF assisted projects in 
Science Education 



R,C, SlIARM^t 


(b) If in. 1 (a) tl^ere bad been 8 points 
on the line, wba.t would ha,ve been 
the answer and why? 

SS.57: Prove that the sum <+ 

' where n is an arbitrary integer 

and k is odd, is divisible by 1 r2 
3-1- .'bn. 

SS,58; 200 students are positioned in 10 
rows, each containing 20 students, 
From each of the 20 columns thus 
formed the shortest student is select¬ 
ed and the tallest of these 20 students 
is na,med A. These students now 
return to then initial places. Next 
the ta.llcst student in each row is 
selected and from these 10 tall stu¬ 
dents shortest is named B, Who is 
tallei A or B, if they are diffeient 


SS.59' 


students 

All the integers beginning with 1 are 
written successively i.e. 12345678910 
1112131415.. .What will be tne digit 


SS.56; (a,) There a.re 9 points on a line 1 m 

the Older Pt, 1*8. ^4’ 

Pg, Pg and P is a variable point 

on the line. For what position of P 
IS the sum of the lengths of PPi PP» 

PPg, PPi, PPr. PPo. 

PPfl is least. Give reasons for your 


at 101 788lh position? 

SS.60: Out of seven men each owned a 
different number of rupees. The 
ratio of any one’s fortune to t e 
fortune of eveiy man poorer than 
himself was an integer In total, 
the combined amount of money was 
Rs. 2879. How many rupees did 

each have? 


answer 



(yr^ 




Teaching Children Science: an Inquiry Ap¬ 
proach Louis I. Kushlan and A Harris Stone 

Wadsworth Publishing Co. 1968 


the tremendous growth of scienti¬ 
fic knowledge the methods of teaching 
science have also changed Formerly science 
teaching was mainly book-centred and most 
experiments were of the verification type. 
Even here the pupil activity was almost 
nothing and a few demonstration experi¬ 
ments were conducted by the teacher. The 
modern trend in science teaching empliasises 
the importance of learning from expeiiences 
of the pupils. The pupils are given acti¬ 
vities which are investigative in nature. This 
method is called the “inquiry” or “discovery 
approach”. 

There are very few books which deal in 
detail on this method of teaching science. 


“Teaching Childien Science an Inquiry 
Appioach” is a veiy lecent book and presents 
all aspects of this method 

We have rightly come to a stage when we 
consider that the common citizen should 
acquire scientific literacy and that he should 
develop a scientific attitude. For reaching 
this goal our teachers of science must be 
properly trained in the current methods. 
The science teaching is not a mere teaching 
of facts of science The author of the book 
presents this modem science teaching process 
in the chapters, 

The first chapter defines science and goes 
on to describe the “tactics and strategy of 
science”. The second cha.pter deals with the 
educational psychology of the child which 
affect the teaching of science and learn¬ 
ing at that stage. The thiid chaptei is 
historical and traces the evolution of ele¬ 
mentary school science teaching over one 
hundred years. In the next two chapters, 
the authors present the philosophy, principle 
and the meaning of the inquiry method, 
Teaching of facts of science is not very im¬ 
portant but how the scientists arrived at 
these facts. The sixth chapter describes a 
few curricula of elementary science 

The next four chapters describe different 
kinds of tools of learning and teaching by the 
inquiry method. These include experiments, 
excursions, films, books and facts of evalua¬ 
tion. 

The last two chapters provide the teacher 
with practical experience in adopting an 
enquiry approach. These exprienecs intro¬ 
duce the teacher to scientific investigation so 
that they may understand the principle in¬ 
vestigated and the problems. The last 
chapter stresses the importance of planning. 

At the end of each chapter references for 
further study are given which may be useful 
to the teachers and their guides. There are 
also questions to stimulate thinking. 
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The book would be very useful to teachei 
educatois for pro-service as well as luseivicc 
courses. It would be a useful addition 
to the libraries of teacher training college.s 
and teacher tiaining institutes. This “In- 
qiiiiy approach” should gamcuirency among 
all science textbook waters and ciiriiculum 
ftamers in our country. 

S. Doraiswami 


Methods for Science Masters 
C B. Owen 

ELB.S. & Macmillau Co London-1964 

'J'HIS book is directed to the piospeclive 
young science teachers to introduce them 
to understanding of the main purpose of 
teaclung science and how to do it successfully. 

The author develops well in a simple 
direct manner as to what is meant by “science” 
and how we arrive at laws fiom observation 
and experiment. He discusses that though 
science teaching has several aims, both from 
the points of view of needs of the society 
and the child, the methods of science and 
attitudes are most important. The process 
of science has been well illustrated in the 
chapters on “How Scientists work”, “What 
does it mean” and “What is the answer”. 
The limitations of science and its place in 
religion is not lost sight of in the following 
discussions. 

The prospective teachers are given piacti- 
cal suggestions and tips on planning and 
sta,rtiug a laboratoiy and on the essential 
laboratory and workshop skills needed by a 
teacher. The prevention of accidents and 
first aid in case of accidents has received due 


attention There are again some useful 
suggestions on lesson planning, use of note 
books and their coirectloii and guidance on 
evaluating knowledge of science of pupils, 
The author has stressed the need for propei 
guidance by tcucheis for picpaiing boys for 
examinations. 

The list of apparatus, chemicals and 
certain formulas are useful for any geneial 
science teacher and so is the bibhogiapliy 
for fuither leading. Theie are also piacti- 
cal guidance for field experiences, excursions 
and oiganization of science shows and 
museum activities, which are essential in- 
gicclients of good science teaching at any 
level. 

On the whole though the book may not be 
used as a textbook for a professional course 
of tuiining, it is cmmenlly suitable as a guide 
for the new class-room teacher ptoviding 
him with piaginatic, simple and matter of 
fact instructions as to how to do liis day to 
day work successfully The strength of the 
book from the Indian point of view is its 
extreme simplicity and directness of the lan¬ 
guage which makes it comprehensible to all 
teachers of the elementary level In the 
present state of explosion of knowledge in 
the facts of science, the need of the day is to 
make science teachers appreciate the impor¬ 
tance of the “process” of science rather than 
the “products” of science. This attitude 
is maintained thioughout the book. It is 
devoid of the usual pedagogic and psycholo¬ 
gical teuniiiology whidi may make a book 
learn but not read and acted upon. 

It IS felt that all prospective science teachers 
would benefit fiom this book and this should 
find a place in the libraries of training col¬ 
leges and schools. 


N.K. Sanyal 
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EDITORIAL 


Among the highlights of this issue of School Science, the pride of place goes to 
Magic Benzene by Y.I. Naumov and N K. Satiyal. The structure of benzene, which 
for many decades has been the subject of endless dispute among theoietical chemists, 
is yielding new surprises even in our day. In this article the authors narrate the fasci¬ 
nating story of the discovery of benzene and of the various attempts to arrive at the 
structure of this compound and its derivatives But perhaps the most interesting part 
of this article is a discussion of the very latest models of the structure that have been 
proposed. 

Turning from chemistry to physics, L D. Abuja’s Study of Surfaces—I: Surface 
Tension will be of particular usefulness to students. The author has started a series 
beginning with the present article on surface tension, and readers will perhaps share our 
appreciation of the clarity with which the subject has been treated. 

Readers will recollect that in our pievious issue we carried Prof. S. Chandra¬ 
sekhar’s lecture on Astronomy in Science and Human Culture. The thread has been 
taken up in this issue with S.C. Cbatterjee's India's Contribution to Astronomy. Reli¬ 
gious and Historical Background. The title is self-explanatory and the article needs 
no further comment except that it lives up to its title. 

Of particular interest for teachers and educators is Position of General Science 
in Indian Schools, by Ashok Sinha and Bina Ghosh The authors have made a de¬ 
tailed analysis of the school syllabi for general science used in the various States of 
India, and have suggested how existing shortcomings in the leaching of this subject 
may be remedied. 

For those interested in botany, there are two articles. In The Gardens and Parks 
of Delhi G.S. Pahwal describes the plants found in the avenues and public gardens of 
Delhi, while Syed Jalaluddin in A New Approach to the Anatomy of a Leaf under the 
feature “Classroom Experiments” describes a new method—‘the injection method’—^ 
for the study of leaf anatomy. 

The other regular features like “Science Abroad” and “Young Folks Corner” 
contain, as usual, notes on a variety of scientific subjects of intrest both to students and 
teachers. 



Magic Benzene 

y.I. Naumov and N.K. Sanyal 

Dopai iment of Science Education, NCERT, 

New Delhi 


\ MONO the numerous organic compounds 
there are only a few which have so 
stormy a history as benzene. For many 
decades the structure of benzene was the 
subject of endless disputes among theoretical 
chemists. Many hypotheses of classical 
chemistry have been rejected after studying 
both the properties and the suggested structure 
of benzene. It is interesting that, even in 
our days, when science has unravelled many 
secrets of matter, the structure of benzene 
and its derivatives are yielding new surprises 
for research workers. 

Benzene was discovered by Michael 
Faraday in 1825. It is a colourless liquid with 
a characteristic smell. It boils at 80° C (STP). 

The story of the discovery of benzene is 
rather interesting. After the introduction 
of gas lighting in London during 1812—15 
the illuminating gas, prepared from the fat 
of whales, used to be delivered to the city in 
iron containers. The containers were usually 
kept in the basements and from there the 
gas was piped tlvroughout the house. But 
an extremely unpleasant fact was soon 
noticed. In very cold weather the gas seemed 


incapable of burning with a bright flame 
In 1825 the owners of the gas works con¬ 
sulted Faraday on the subject. He found 
that in these cases the gas constituents capable 
of burning with a bright flame condensed at 
the bottom of the container as a transparent 
liquid layer, While investigating this liquid, 
Faraday discovered a new hydrocarbon—' 
benzene. 

In 1834, Mitscherlich isolated the substance 
while distilling benzoic acid. He worked out 
Its composition which was CoHo and identi¬ 
fied it as the substance discovered earlier 
by Faraday. 

Soon after this discovery benzene ceased 
to be only a laboratory reagent. It was 
found that benzene could be easily extracted 
from coal tar. The new substance was 
found to be very active chemically. 

A deiivative from benzene, nitrobenzene 
—CftH^NOg—was prepared from benzene 
In 1842, the Russian chemist Zimin reduced 
nitrobenzene to aniline —CeHsNHj. Aniline 
has become the forefather of a large family 
of aniline synthetic dyes. Benzene is used in 
the manufacture of the following* (the 
order indicating approximately its quantita¬ 
tive use): 

Styrene, phenol, synthetic detergents, cyclo¬ 
hexane for nylon, aniline, DDT, maleic 
anhydride, dichlorobenzene, benzene hexach- 
lorlde, nitrobenzene, diphenyl insecticides, 
fumigants and solvents. Benzene has also 
other miscellaneous synthetic uses. 

The first period of development of organic 
chemistry showed a great accumulation of 
experimental facts. There was no chemical 
theory to explain them The absence of a 
common theory of structure of organic com¬ 
pounds hindered further progress in organic 
chemistry. In 1869, A.M. Butlerov, the 

* T/ie Condensed Chemical Dictionaiy, Seventh 
Edition. Reraehold Publishing Corporation, 
New York, 1966, p 106, 
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Russian cliemisl developed Lhe theory of the 
chemical structure of the organic compounds. 
This theory generalizes theintcr-relationship 
between properties of organic substances and 
their molecular structure, It explains such 
important concepts like isomerism, high 
chemical activity of unsaturated hydrocarbons, 
mutual influence of atoms m a molecule, etc. 
The validity of this theory has been proved 
by enormous experimental data. However, 
benzene and its derivatives could not be put 
within the framework of that theory. 

It was assumed that the benzene molecule 
has a linear structure. One of the possible 
formula of the composition CaHo, may be 
represented as follows; 


H H 
I I 

M-Ca C- C- C- C2 C- H 
I I 
H H 


Fig, 1. Suggested linear formula of benzene (T/ilS Is 
really Dtpropargyl, an Isomer of benzene.) 


Such a compound should form additive 
compounds with, halogens readily, and also 
form salts with copper or silver just like 
acetylene Besides, tlie properties of the 
extreme end H—atoms should differ from 
those of the other H—atoms. Benzene reacts 
with halogens, but this is a case of the 
reaction of substitution. Experimental 
evidence shows that all H—atoms of the 
benzene molecule are equivalent. 

In 1865, H.F. Kekiile, a German chemist, 
presumed a cyclic structiue of benzene, 
as shown m Fig. 2 below. 



CH 


The main objection to the formula suggested 
by Kekiile was directed towards the number 
of possible ortho—substituted products. If 
the double bonds are in fixed position, two 
ortho—substituted products should exist. 
(Fig. 3), while experimental evidence points 
to only one such product. 

X 


Fig. 3. Possible ortho—substituted products of benzene 

Later in 1890 Kekule suggested another 
hypothesis to explain the existence of only one 
ortho—isomer. He assumed that the double 
bonds of the ring were in a state of constant 
oscillation. In other words each C—C 
pair was alternately to have a single bond and 
a double bond between them, as shown in 
Fig. 4 below. 


^ ^ 





Fig. 4. The osclllalton slates in the molecule of benzene 
(afier Kekule) 

In 1867, the English Scientist D. Dewar 
suggested, his fomiila of benzene structure 
(Fig. 5). Dewar’s formula predicted the 
existence of two mono—substituted deriva¬ 
tives of benzene (Fig. 6). Again, it has not 
been supported by experimental evidence. 



Fig, 2. Structural formula {after Kekule) 


Fig. 5. Benzene structure {after Dewar) 
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A 



Fig. 6. Expected mono-subtiiluted derivatives of beiiiene {after Dewar) 


According to the German chemist A 
Ladenburg, the Benzene molecule has the 
shape of a trihedral prism (Fig. 7) 



ween the C—atoms as closed dotted lines, 
as in Fig. 9 below. 



Fig. 9. Structural formula of bemene {after J.Thiele) 


Fig 7. Benzene structure (after A. Ladenbuig) 

In this case the four di-substituted deri¬ 
vatives of benzene are expected to exist 
(Fig. 8), whereas only three relevant deriva¬ 
tives of benzene are known (e.g. ortho, meta 
and para—dibromobenzene). 



Surprisingly, it was found much later that 
the Thiele structure looked very much like 
the real structure of benzene. So Thiele came 
to the leal structure of benzene intuitively 
but he could not prove his brilliant hypothesis 
due to the absence of experimental data at 
that time. 




Fig. 8. Expected di-substituted derivatives of benzene {after Ladenburg). 


At the end of the nineteenth century, J 
Thiele, a countryman of Kekule suggested 
that m the case of benzene, the valency may 
be characterized not by whole numbers but 
by fractional ones also. Thiele linked C— 
atoms of benzene by one and a half bonds 
and expressed additional halved bonds bet- 


The close cooperation between physics 
and chemistry has been very fruitful in deter¬ 
mining the structuie of benzene. It has been 
found by X-ray analysis that the benzene 
molecule was a plane hexagon. This dis¬ 
cards the space model of Ladenburg (Fig. 7). 
Spectral analysis shows that the properties 
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of all the SIX H—atoms of benzene molecule 
are equivalent This conclusion rejects the 
asymmetrical model for benzene suggested by 
Dewar (Fig. 5), Physical methods show that 
the distances between the C—atoms in 
benzene molecule are equivalent and equal 
to 1.40 Angstrom units (1 A^^IOcm). 
From the Table 1 it follows that the C—C 
distance in benzene is something like the 
average of the C—C distances of single and 
double bonds. 


TABLE 1 


Compound Length of C 

--Cbond(A°) 

Ethane (Single bond) 

1,54 

Benzene 

1.40 

Ethylene (Double bond) 

1.34 


It is therefore clear that the nature of 
C—C bond in the benzene molecule needs 
special consideration. A covalent bond is 
typical for the majority of organic compounds 
and some diatomic molecules like H 2 , CI 2 , 
etc. Here the single bond (S—bond) is formed 
by the overlapping of both the electrical 
and magnetic fields of so-called S —electrons. 
The clouds of S —electrons have a spherical 
shape with an infinite radius. The centres of 
such clouds coincide with the nuclei of 
atoms. The fact of overlapping of electionic 
clouds is essential, hut not sufficient to form 
a bond. Each electron has its own moment 
of rotation (spin). Accroding to the laws of 
quantum mechanics link between atoms may 
be formed if spins of their electrons are 
directed in opposite ways (Fig. 10). 



Fig, 10. The formation of^—bond m hydrogen molecule 


In thecase of multiple bonds (c.g. in ethylene 
molecule) only one of them is 5 —■ bond. 
The second bond (ir —^bond), formed by 
a pan of p — electrons with contrary spins. 
Their clouds appear to form symmetric 
spatial figures of‘eight’, which are perpendi¬ 
cular to the molecule’s plane (Fig 11) 



Fig. 11 . Elcclronic .structure of ethylene nwlecnle 

It has been found also that a n —bond was 
less strong than a S — bond.* 

Each pair of C—^atoms in benzene mole¬ 
cule is linked by one s — bond and one w— 
bond. The axes of clouds of p —electrons 
are perpendicular to the molecule’s plane 
formed by s — bonds (Fig. 12). 



Fig, 12 . TIte scheme of tt —bonds In benzene molecule 
(antlpaialle! ^pins are shown a.t opposite arrows) 

Yet TT —bonds in benzene molecule are not 
equivalent to those of ethylene molecule 
The p —electrons have a high mobility 
that cannot be manifested in a short ethylene 
molecule. The high mobility of p —electrons 
was found in the molecules with conjugated 
bonds (divinyl, for instance). In the case of 
divmyl, only one electronic cloud was formed. 
In the divmyl molecule electrons do not 

* The strength of a chemical bond is characterized 
by so-called energy of breaking a bond, 
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belong to any particular atom at a given 
moment (delocalization of electrons). It 
may be represented by the Fig. 13. 


H2Cr=.CH "CH^CH2 




H^C- CH- CH- C H 2 



Fig 13 Delocalization of elec/i oii'i 


In the molecule of benzene p —electrons 
are delocalized even more than those in 
divmyl molecule. They move along the 
ring freely. This may be represented by the 
following schemes (Fig. 14) 



Fig. 14 The delocalization of ckction.t in benzene 
molecule. 

This was the state of knowledge about this 
famous compound benzene, till five yeais 
ago But five years is rather a long term 
for science. 


The reaction of polymerization of acetylene 
benzene (Fig 15) was suggested by Berthelot 



Fig, 15, The synthesis of benzene fi om acetylene 


in 1866. The yield of benzene was small, but 
the synthesis might illustrate the following 
points: 

(a) the existence of double bonds m 


benzene molecule. 

(b) the inter-relationship between un- 
saturated and aromatic hydrocarbons. 

In 1964, a group of Belgian scientists (H.G. 
Viche, R. Mermyi, J E.M.M. 0th J. R Binders 
and P. Valange)* studied the products of 
polymerization of tert—butylflouro-acetylene 
It might be expected that the substituted 
acetylene would react like acetylene as follows 
(Fig 16) . 


T 

I 

C 

F-C C-F 

■ill “ 

T-C C-T 

C 

I 

F 

Ftg 16. The expected 
lertbntylfloiiroacetylene 


T 

I 

C 



c 

I 

F 


of trimerization of 


The Belgian chemists were lucky to isolate 
three new structuial isomers of the derivatives 
of benzene (Fig 17) at the same time, instead 
of the anticipated one compound. 

The first isomer is a crystalline substance. 
(M P. 187° C). It appears to have the 
prismatic structure suggested by Ladenburg. 
Because of that it has been named as prisman 
(Fig. 17(a). 

The second isomer is a liquid (B.P. 140° C 
at 11 mm. Hg) Its structure did not resemble 
any one of the previously suggested structures. 
It was named as beiivalene (Fig. 17b). 
On heating to 220°C this isomer is converted 
into the anticipated benzene derivative shown 
in fig. 16 

The third isomer has the stiuctiue resembl¬ 
ing Dewar’s model (Fig. 17 c). This isomer 
is unstable and transforms quickly into the 
anticipated isomer shown m Fig. 16. 


* ANGEW Chem 76(22) 922 (1964); C A. 62, 
I583f. 



104 


SCHOOL SCIENCE JUNE 1969 





(a) (b) (c) 

Fig, 17, Mew .iintclural isomers of heiueiie derivative [T =—CCCff.Osl 


It is interesting, that the two models of 
benzene which seemed to have been of histo¬ 
rical interest only, recently acquired some 
real meaning after nearly a century. 


It is difficult to predict what the discovery 
of the new structural isomers of benzene will 
give to science, yet it is clear that a new page 
has been opened in the biography of benzene 
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India’s Contribution 
to Astronomy— 
Religious and Historical 
Background 

S C. Chatters EE 
Kalimpong, W. Bengal 

I N the dawB of civilization people must 
have had a rudimentary knowledge of 
time and space, and all the ancient scriptures 
regarded the universe as consisting of a flat 
circular earth below and a heaven above 
through which the sun, the moon, and the 
stars move. Between them was the middle 
air, the abode of clouds and demigods. This 
cosmologicalpictuie was consideiably changed 
by later religious thought, but the heavenly 
bodies were still worshipped as gods In 
India the Rig Veda mentions that observa¬ 
tories were erected for astronomical purposes, 
as the practice of sacrificial rituals demanded 
the setting up of altars for religious perfor¬ 
mances, and therefore some astronomical 
knowledge was necessary foi determining the 
propitious times and dates for periodic sacri¬ 
fice. Thus some astronomical knowledge 
became necessary. Like the Babylonians and 
the Greeks, the Indian priests also kept de¬ 
tailed records of the rising and the setting of 
various celestial bodies, and thus established 


a kind of calendar; but without a clear idea 
of cause and effect It was but natural that 
Divine Will was recognised, and the heavenly 
bodies were regarded as gods. A general 
belief in astrology was the natural conse¬ 
quence. 

During the Qpanishadic, the Brahmana, and 
the Aranakya periods even those philoso¬ 
phers like ICanada, Gautama and Charvaka 
whose motives were scientific rather than 
leligious were hardly in a position to drive 
their speculations home to the point of proof 
against their scriptures. They tried to get their 
ideas stated in a consistent and plausible 
form and had to see how far the results tallied 
with the experiments of common expeiience. 
Considerable progress was made in their 
observations of the heavens and the inexor¬ 
able mathematical laws and rational science 
gave greater prominence to astronomy than 
astrology. Heaven was, however, still re¬ 
garded by most people as a place where gods 
had their abode; and without a systematic 
layout of planets and stais there could not 
be any great progress in astronomy, 
and the original rational impulse behind 
enquiries into Nature began to evaporate 
and disappear If the planetary system had 
been properly worked out, and scientific 
reasoning and the worship of natuial laws 
given preference against the semi-humaii divi¬ 
nities of the sky, the universe would have 
been regarded as a vast organism cemented 
into a coherent unity by sympathetic forces, 
with Nature as the guiding principle, and the 
celestial bodies as its purest expression. 
Instead, the astral religion, specially of Greece 
and Babylonia, kept its hold; and a proud 
and long tradition of astrology was main¬ 
tained intact. Astronomy was made more 
subservient to it than to physics. 

As time lolled on, the system of astrology 
in India reached its scientific maturity and 
began to be regarded as a social science, and 
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aslronomy a natuuU one It has been argued 
that since astrology deals with materia) 
things, It IS bound to be imperfect owing to 
human frailty; but astronomy gives clear- 
cut results and hence is reliable. 

Foreign Contribution 

In the domain of astronomy the Egyptians 
claim to be the fust people who divided days 
and nights into twelve houts and invented 
watei-clocks which they used specially in the 
night for knowing the time. They used sun- 
clocks during the day, but in astronomical 
observations they hardly made any piogiess. 
The Babylonians, however, went much fui- 
ther. They invented an improved foim of 
clock known as the water-clock by collecting 
water from one sunrise to another and by 
dividing the water into equal parts, ft is 
not clear why a day and night of twelve 
hours each and not of eight or ten hours 
were taken. Apparently a compromise was 
made and the sexagesimal division of the 
Babylonian units was combined with the 
Egyptian twenty-four houi system. They 
made more progress, observed and recorded 
the apparent motions of sun, moon and the 
planets, but hardly formulated any theory to 
account for their movements. It is here 
where the Greeks and the Indians showed 
then geniuses. 

Anaxagoras, who was born about 500 B.C. 
near Smyrna, left his possessions in order to 
study science and went to live at Athens. Tt 
was he who first discovered* that the moon has 
no light of Its own, but shines by reflecting 
sun’s light. With Anaximines he correctly 
accounted for the eclipses of the sun and the 
moon. He also gave somefnutful ideas about 
the nebular hypothesis on which oui present 
cosmological theories aie based. He, at the 

* In India Aryabhalta conceived that same idea 
of the planetary system, but he did not dare go 
against the general belief of his time. 


same time, conceived that there aie otliei 
woilds like outs; but apart from these ideas 
he hardly made any advance upon the ciude 
astionomy of his lime Both Leucippus and 
Democritus, who formulated the atomic theory 
followed the views of Anaxagoias and made 
no advance in the astronomy of their time. 

About half a centuiy later, Aristotle sup- 
poited Eudoxus and Calhppus and regarded 
the universe as spherical in shape and finite 
It was about 200 B.C. when Aristarchus 
(310-230 B.C.) first gave the heliocentric idea 
of the astionomy of his Lime.' The historian 
Plutarch says that for giving a pagan's hypo¬ 
thesis of our universe he should have been 
indicted for impiety; but since the leading 
mathematicians of his time like Archimedes 
and Selcuciis did not pleach against him, no 
action was taken. Pei haps nobody cared to 
know his impious declaration. 

It was however Hipparchus who totally 
discarded Aristarchus’s heliocentric hypo¬ 
thesis and adhered to the prevalent geocent¬ 
ric system. 1-Ie made accurate observations of 
the heavens, his greatest achievement being 
the discovery of the Precession of the Equi¬ 
noxes. He also calculated the length of a year 
as 356-J days Based on his extensive obser¬ 
vations Ptolemy, who wrote his famous A/mng- 
eif m about 150 A.D. held the field till the time 
of Copernicus who later supported by Galileo, 
Kepler and Newton, changed the entire con¬ 
ception of the universe. 

Later Development 

Aryabhatla I was perhaps the first mathe¬ 
matician who, having based his ideas on the 
teachings of the sage, Parasara, propounded 
his astronomical system but the author of the 
extant Aryabhaita that deals specially with 

-I- The present writer does not think that eitliei 
Aristarchus or Copernicus got the heliocentric idea 
trom India; but Heradiedus of Pontus was certainly 
foreshadowed. 
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inatliematics and astionmoy, is likely lo be 
anothei Aryabhatla whose astio-malhematical 
works, known as Arva-Siddhaiita, lived at the 
end of the fifth centuiy A.D He was a great 
inventor who boldly discarded all astrological 
piedictions and sought to reform astronomy 
on scientific punciples 

It may be mentioned heie that Aryabhatla, 
like Aiistaichus of Samos who had boldly 
rejected Eudox’s vortex idea, maintained the 
idea of the lotation of the earth round its 
axis and gave the idea that a similar pheno¬ 
menon would happen if the sun was regarded 
stationary at the ceiitie, and the earth and 
other planets were to revolve round the sun 
His estimate of the earth’s circumference 
was not very wide of the mark. For the pur¬ 
pose of calculations, howevei, the planetary 
system was taken as geocentric and the lalei 
astronomers accepted this idea. 

The younger Aiyabhatta was followed by 
Varahamihna who was probably born in the 
beginning of the sixth century A.D He was 
an all-round scientist who wrote several well 
known works of which the Pancha Siddhanta 
treats both astrology and a.stionomy that in¬ 
clude the computation necessary for finding 
the position of a planet. He discussed the 
sphericity of the eaith and subsequent astrono¬ 
mers followed him Albenint translated two 
of his works into Arabic in 1000 A.D. 

It IS said that while summarising his as¬ 
tronomical theses, he was helped by some 
Scythian Brahmans who were well versed in 
Babylonian and Greek astronomy. It is very 
speculative on our part to say how far the 
great Indian astro-mathematician received 
his astronomical information from the Mid¬ 
dle East countries. It is also possible that the 
same type of ideas has originated in different 
countries much at the same time, as we find 
in the case of the independent discovery of 
oxygen in different Western countries—France 
England and Sweden. 


Another prominent Indian astronomer was 
Biahmagupta (bom 628 A.D) who lived at 
Ujjain, then a great astronomical centre of 
India It is said that unlike Iiis great prede¬ 
cessor of encyclopaedic knowledge, he was a 
more original thinker who separated astro¬ 
nomy fiom astrological speculations although 
he had made various astrological charts 
and reformed astronomy on scientific lines. 
It is recently said that he invented the quadrant 
(Tiirya Yantra) for astronomical observa¬ 
tions and applied, algebra to astronomical 
calculations. In a few decades the Caliphs 
of Baghdad made use of this scientific inven¬ 
tion in their astronomical observatories. 

A few centuries later, although the Medeival 
Age had set in India, there was born in 1114 
A.D , a world-renowned astro-mathematician 
of prodigious scholarship, popularly known 
as Bhaskaracharya, who also worked at 
Ujjain. His treatise, known as Siddhanta- 
Siromam, contains: (i) astronomy, (it) arith- 
matic and mensuration, known as lilavaii, 
and (lii) bijagamt (algebra). In his studies on 
the earth he gave its diameter as 7905 miles 
and mentioned its attractive power, thus for¬ 
estalling Newton by several centuries. He also 
determined with considerable accuracy the 
positions of the sun, the moon, and the planets 
ni terms of their positions on March 19 
1520. 

Like the Buddhist monks there was a host 
of Indian astronomeis who did missionary 
work in Middle East countries. For instance, 
pati'onising the Persian school of astronomy, 
the Second Cahph, Al-maiisur, m 723 A.D., 
invited to his court the renowened Indian 
astronomer, popularly known as Mauaka, 
who gave various tables of equitations of 
planets according to tlieir motions with 
observations relative to both solar and lunar 
eclipses, as well as the ascension of the signs. 
It IS also said that the illustrious astrologer, 
Abu Mashar of Balkh, dependend much on 
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anollicr Indian ashonomei well-versed in the 
science, leainL from him the great cycle of 
‘kalpa’ and applied it for his astrological cal¬ 
culations. Besides, Brahmagupta's two well 
known astronomical works’, Bralunanasp- 
huii SUklhanta and Khaiufakhadyaka, were 
translated into Arabic and named as Sii- 
iiijul and Arkand. They exercised great in- 
liluence m imparting scientific knowledge of 
astronomy in the countiy, and the great 
mathematician, al-Kanannzi, fuithci deve¬ 
loped the Indian astronomical system in his 
country. A few yeais later another Saracenic 
mathematician, al-Kindi, laid stress on the 
use of Indian numeiats and astronomical 
tables. The Third Caliph, Hauin-al-Rashid, 
set up a House of Wisdom for the translations 
of Greek and fndiaii works the chief tians- 
lator being the Ncstonan Hunaya-ibn-Ishaq 
f809-877 A.D.) and also founded an astro¬ 
nomical observatory at Baghdad with the help 
of Indian astronomers. 

For a few centuries however, Baghdad 
remained the great centre of mathematical 
and astronomical studies. Religious tolerance 
and official patronage kept alive an active 
interest in Nature, but her golden days did not 
last long, for the Mongols soon overran the 
Middle East, and m the twelfth century sacked 
Baghdad From the thirteenth century on¬ 
wards, Mohammedan power began to dec¬ 
line, and i-ational enquiries in science and 
philosophy were condemned as corrupting 
the truths of Islam, The scientific tradition 
in the Saicacentic countries began to dwindle 
and their knowledge was taken to Europe. 

Like her renowned neighbour, India’s days 
of glory were also numbered, and although, 
for some centuries, great mathematician and 
astronomers like Bhaskara made valuable 
contabutions, their outlook was, like New¬ 
tons, clucflv theological In the thirteenth 
century piaciically ihc whole of northern 
Lidia was o\ci lun by the bigoted Pathans, 


and tile educational institutions like Nalanda 
and Vikramashila wore razed to the ground. 
Like the Islamic world India also sank into 
oblivion 

Generalization 

The early cosmology in India, like that of 
Greece in her golden age (500-300 B.C ), took 
the form of dramatic historical fables known 
as Purctnus In the beginning, the heavenly 
bodies weie icgarded as gods, but during the 
later period attempts were made to explain 
the structure and behavioiii of the heavenly 
bodies in scientific terms. The Upamshads 
put forwaid thcoiies of natinal happenings 
and have thus laid the foundations of 
philosophical science As a result the 
difficrent schools which .started in with 
vague ideas of ci cations gradually brought 
general scionliflc thcoue.s into precision; but 
unfortunutoly, scientists like Palanjali 
gradually lost failh in themselves, and their 
methods of thought changed direction 
They began to doubt more and more 
if scientific enquiries alone could unfathom 
the workings of the universe, and gradually 
the centre of gravity shifted from natural 
philosophy to unaccounted Divinity. The 
heavenly bodies thus again canre into pro¬ 
minence and became objects of worship, 
as they had been before in Egyp I and Baby¬ 
lonia. Astronomy thus became more subser¬ 
vient to astrology than to physics and dyna¬ 
mics. As a result, a sophisticated kind of 
heaven-worship began to replace the rational 
speculations about Natuie, and a faith in 
divination began to revive, but in India the 
spirit of rational investigation soon returned 
a few centuries after the Chritistian era, and 
her astronomers showed definite superiority 
ovei her celebrated rival (Greece) in cal¬ 
culating the solar year and m recording the 
progress of the moon through the sky with 
an accuracy which was not surpassed until 



India’s contribution to astronomy—religious and historical background 109 


the seventeenth century A D In 1787, J.S 
Bailley* published his treatises about the 
great antiquity of the Hindu astronomical 
system. He believed that their calculations, 
made from time immemorial, were infinitely 
more exact and natural than those of Ptolemy 
and that the Greeks of Alexandria had profited 
by the Indian thoughts, but had miitiliated 
their results. Bentley, on the other hand, 
holds a different view 
For the purpose of astronomical calcula¬ 
tions the planetary system was taken as geo¬ 
centric, although it was suggested in India 
long before Anstarchos that the earth revolved 
round the sun and also rotated round its axis 
The hue cause of solai and lunai eclipses 
were also properly explained, and the occu- 
lence of both the eclipses were forecast with 
great accuracy. The later astronomers like 
Varahamihira, Samudragupta, and Bhaskar 
also accepted the heliocentric idea, but did 
not bother to pi each it to the public. In short, 
the Indian astronomical formulations were 
more reliable than those of the Graec-Roman 
world for all practical purposes 

Conclusion 

In smnmarizing it may be stated that un¬ 
like the Babylonians and the Egyptians who 
only cared for the continuity of their astro¬ 
nomical records foi the maintenance of a 
reliable calender, the Indians of antiquity 
went deep into the matter and tried to theorise 
all the natural phenomena which they had 

* Jean Sylvain Bailley was the fiist mayor of Paris 
and President of National Assembly m 1789 He 
was born m 1736 and guillotined in 1793 


come across. Their astronomy has three de¬ 
finite phases; (a) Vedic Astronomy, which 
IS unscientific, (b) Vedanga, Jotisha which is 
formal but crude; (c) Siddanta Astronomy, 
which IS highly intellectual No doubt, some 
of the astronomical problems of the piesent 
time were not clear in those days; but the 
Indian astronomers did lay the foundation, 
the generalizations on which during the six¬ 
teenth and seventeenth centuries became the 
main featiiie of the rapid development of 
astronomy in the West To be brief, as¬ 
tronomy and mathematics led the way and 
physics followed it in the seventeenth 
century. Chemistry moved forward in the 
eighteenth century, biological sciences in the 
nineteenth, and atomics science in the twentieth 
century. 
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S CTENCE plays an impoitaiu lolc in a 
developing country. The new inven¬ 
tions of science and its technical applications 
can bring piospeiity and happiness both in 
collective and individual life. The national 
economy of a countiy depends on hci in- 
dustiial piogress which in turn solely depends 
on the cultivation of science in the country. 
Domestic amenities, large defence arrange¬ 
ments, self-sufficiency m food, industrial ad¬ 
vancement 1 e. in all spheres of life, .science 
plays a dominant role. 

But the development of science is intimately 
connected with the science education pre¬ 
valent in the countiy. As a skyscraper 
rests on the plinth, the industrial progiess of 
a country is shaped through science educa¬ 
tion in a classroom A society without broad 
base for science cannot emancipate itself 
from stagnation and starvation. Science is 
again an ever-developing discipline. There 
is therefore a constant need to orient and 
modernise the system of science education 
m the country. 


After independence, eminent educationists 
in our country wore seiiously thinking of 
modernising the system of science and mathe¬ 
matics teaching m our schools. This was 
necessary for improving the standards at the 
college and univeisity. Science in all branches 
IS expanding rapidly tlicse days To keep 
the young students abreast of the new ideas 
and concepts and their applications to modern 
life, the orientation of the present system of 
science teaching was felt Trogicssivc count¬ 
ries like U.S.A , U S.S.R , U.K , Austialia 
and some other coiiiitnes planned and moder¬ 
nised thcii systems of school teaching Some 
of them have been woiking for the last fifty 
yeais. The stiiking reatuic of these attempts 
were that the university professois, profes¬ 
sional scientists, school teachers and edu¬ 
cationists of other spheres of life worked 
to improve the standard of school teaching in 
ihcir respective countries. 

The object of the present report is to study 
and analyse the existing school syllabi of 
geiieial .science in elementary and middle 
schools of different .states of India, An 
attempt at analysis should bo guided by cer¬ 
tain principles—some of which are given 
below: 

(a) Logical development of the subject 
avoiding isolated topics. 

(b) Selection of concepts to be in con¬ 
formity with the common inquisitive¬ 
ness of childieii. 

(c) Presentation of the subject mattei 
should further excite their inquisitive¬ 
ness. 

(d) One branch of science should have 
broad relation with other branches. 
No attempt should be made to present 
each branch as an isolated compart¬ 
ment. 

(e) Examples should be quoted from the 
environment. 

(fj Equipments designed for class ex- 
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periments should be cheap and simple 
and also suitable to Indian economic 
and social conditions. 

We shall now discuss and analyse one by 
one the competence and adequacy of each 
syllabus in the light of general pioblems and 
guidelines stated above. 

It is found that the general science syllabus 
foi each class has been divided into several 
major concepts. A class-wise analysis of the 
syllabus of each slate is given below 

I. ANDHR,4 PRADESH 

Class VI —^Air; water; food, personal clean¬ 
liness. 

Class VII —Heat, light, clothing; fields and 
gardens, life in a pond 
Class VIII —Health, first-aid, matter; foice; 
light, the solar system. 

n. ASSAM 

Class V -—Observation and identification of 
some heavenly bodies; plant life; animal 
life; health and hygeme, civil duties 
Class VI —Earth’s crust, the state of Assam 
and its administration; general classi¬ 
fication of plants; general classification of 
animals; human body; transport rules, 
accidents and fu'st aid. 

Class VII —Physics matter and its three states, 
physical properties of air and water, 
effect of heat on water; evaporation and 
condensation; effect of heat on air venti¬ 
lation; effect of heat on solids. Pendul- 
■■ um; thermometer. Transfarence of heat; 
thermoflask. Energy and its tiansforina- 
tion. Chemistry — characteristics of 
chemical compound; combustion and 
rustmg of iron. 

Astronomy —the sun, its dimension and 
distance from the earth; planetary system 
and relative positions of the planets. 


Class VIII —Light, magnetism, electiicity, 
air and its composition, water and its 
composition; characteristics of chemical 
compounds, the earth; the stoiy of coal 
and mineial oil, eclipses. 

HI. BIHAR 

Class V —Cleanliness at home, wholesome 
food; value and need of fresh air; im¬ 
purities in water; insects; plant life; 
birds, soil. Observation of stars; main¬ 
tenance of weather chart 
Class VI —Manuiing of fields and rotation 
of crops, germination, elementary idea of 
human body, principles of First-Aid, 
Air; water; necessity of bath; advantage of 
pully system, magnet, the moon and the 
earth, simple experiments of leflection 
and refraction of light; common balance, 
spring balance, liquid seeks its own level, 
maintenance of weather chart 
Class VII —The human body; practical 
undestandmg of the principle of first-aid; 
common diseases and preventive measure; 
watei, distinction between elements and 
compounds, thermometers; sources and 
measuiement of heat. 

IV. BOMBAY 

Class V — Things about ouiselves 

Our body and health—our senses; care of 
the eye; ear and tooth; physical exercises. 
Things around us 

Air —^it occupies space, it has weight, air 
in motion—winds and storms; air and 
health—^ventilation 

Water —sources of water; water cycle; 
water as a maker and distributor of soil, 
water in motion —^floods, irrigation, 
canal, facts about flood damages in India 
Plants, birds insects and animals—re¬ 
cognition of crops, trees in their neigh- 
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bourhood from their roots, leaves or 
flowers etc.; effects of seasons on plants, 
birds, insects and reptiles. 

Things under us 

Collection of a few types of rocks and 
soil m the neighbourhood; watei and 
rocks, heat and locks; fossils 
Things above us 

The sky —the sun, the moon, the pole 
star; general idea of the relative 
distances between the earth, the moon 
and the sun. 

Class VI—Things about ourselves 

Our body and health—^breathing; food as 
a fuel for human body. 

Things around us 

Air —temperature of air, water and human 
body; how temperature is measured m 
Fahrenheit and Centigrade scale; pressure 
of air; moisture in the air; weather. 

Water —properties of water; three 
states of water; clouds, fog, dew and lain, 
plants, birds, insects and animals—func¬ 
tions of various parts of a plant and their 
adaptation to environment; useful and 
harmful insects to agriculture Fire— 
fire as a source of heat; fuel; danger from 
fire, how to avoid. 

Things under us 

Under the earth’s crust—collection of 
minerals found in the neighbourhood; 
information about manganese, coal, iron, 
aluminium, copper and their uses; the 
recognition of these and their alloys. 

Forces underground —entrapped water; 
underground water and heat; volcanoes, 
how earthquakes are caused, springs—hot 
and cold. 

Things above us 

The sky—the moon and its phases, solar 
system 

Class VII—Things about ourselves 

Ouer body —^balanced diet, digestive 
system; sanitation, conquest of diseases 


—symptoms of common diseases, minor 
ailments in school children. 

Things around us 

Air —putting air to work—wind null, 
common pump, football inflator, impor- 
lantgases in air, their proportion and thcii 
importance, causes of impurities in air; 
preparation of Cj, 0„, and N,j m the 
classroom; chief properties of these gases; 
air dissolved in water; CO, solution— 
soda water. Water^—.moisture in air, 
rusting of iron and its protection 
Plants, birds, insects and animals— 
information of three biids regarding 
general-size, colour, modeof flight, nesting, 
food brooding season, form and colour of 
eggs, migration; breathing of animals and 
plants. How do plants prepare their food? 
Fire —control of fire; fire safety 
Simple machines —^lever and its applica¬ 
tions; friction: frictional electricity. 

Things under us 

Matter —matter, three states; change 
of state; building materials. 

Life under water—river plants and ani¬ 
mals , fishes. 

Things above us 

The sky—the sun as a source of energy; 
study of three bright stars; light rays— 
their properties, plane mirrors. 

Class VIII—Things about ourselves 

Our body and health—clothing, body 
temperature, clinical thermometer; normal 
temperature of man, animals and birds; 
clothing material—cotton woolen and 
silk; accidents, emergencies and first aid, 
how we speak; common speech defects— 
how they are overcome 
Things around us 

Air —airships and balloons; use of 
hydrogen and helium; how kites, aero¬ 
planes fly. Atmospheric pressure— 
vacuum and partial vacuum; vacuum 
brakes, vacuum cleaner, atmosphere at 
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diffeient heights—on mountains and in the 
mines. Water—density and its deter¬ 
mination; specific gravity bottle; U-tube, 
Haie’s apparatus. Natural and artificial 
magnets,poles andtheii action, magnetis¬ 
ation by single touch. 

Rectillinear propagation of light, shadows 
and eclipses; leflection and its laws, 
formation of images by plane mirrors 
Two kirds of electricity and their 
action 

Po^\■er ■—general idea of sources of power— 
sun wind, water, oil, steam and electricity, 
steam engine, water turbine, motor car 
engmc, electric motor, 

Frtclion —charge on the outer surface, 
leakage of electricity fiom a point; lightn¬ 
ing conductors. Simple machines— 
pulley, wheel and axle, screw—use in 
life. 

Matter —examination of common substan¬ 
ces, methods of purification of matter; 
general idea of elements mixture and 
compound. 

Life under watei—substances obtained 
from sea-salt, iodine, pearls, fish, oils, 
sea life, floating, diving 
Things above us 

The sky —the milky way; meteors and 
comets, stories about great astionomers, 
use of telescopes. Measurements 
Length, mass, time and their basic units, 
area of rectangle, triangle and circle, 
volume, use of measuring jar, burette 
and pipette. 

V. DELHI ADMINISTRATION 

Class V —Living things; non living things, 
principal constellations m the sky, food; 
health and hygiene, human body, effect 
of air on life, effect of water on life, 
sources and effects of heat. 


VI. GUJARAT 

Class V — All" necessity, breathing; water, 
sources, impurities, purification, washing 
Food: necessity, kinds and constituents 
of Food, Movements; study of move¬ 
ment in plants and animals. Senses; the 
eye, compaiison with simple camera, care 
of eye 

Study of the sky. the pole star, other 
stars, planets and milky way. 

Class F/—Air, study of constituents, water, 
cycle of water (evaporation, condensation, 
lain). 

Food; process of digestion and assimila¬ 
tion necessity for giowth; blood, its 
constituents and circulation, maintenance 
of uniform body temperature; clinical 
thermometei, proper methods of eat¬ 
ing, excretory system, sanitary care, 
manuie soil and its effect on food 
Movements' muscle movement, balance 
and centre of gi-avity, inclined plane, 
mountain road, levers in everyday ex¬ 
perience. 

Senses' light produces colour, pigment in 
skin, protective colouration on animals, 
value of sunlight; structure of ear, how 
sound IS produced, echo. 

Study of the sky; planets and planetory 
system, eclipses 

Class VII — Air. breathing, pump and 

syringes, air pressure, impurities of air 
and purification germs and bacteria, air 
borne diseases; 

Water, water borne diseases, prevention 
and cure; proper distribution of food, 
sanitation. 

Food; difference of food according to age, 
occupation and climate, diseases due to 
improper food habits, contamination of 
food, preservation of food. Movements; 
wheels, chain m a cycle, gear, friction and 
lubrication. 
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Senses: touch, taste and smell; the hi am, 
the neivoiis system, skin, diseases by 
contagion, prevention and cure 
Reproduction: how life is passed on in 
plants, animals and human beings; 
Study of the sky: the solar and liinai 
systems of calender, intercalaiy month 

Class VIII —^Aif constituents, purification, 
effect of sunlight on air, artificial and 
natural ventilation and respiration, 
atmospheric pressure, barometer moun- 
taineeiing, combustion, exhaled air, organs 
of breathing, study of respiratory system, 
respiiatory ailments; 

Feeding: food; raw and cooked, nutri¬ 
tion, organs of digestion, excretion, organs 
of excretion; 

Soil: type of soil, manuies; grow more 
food; personal hygiene. 

Movement: movements of human body 
and other animals; how light travels, 
reflection and refraction; how heat 
travels, everyday application of principle 
of transference of heat; magnets. 

Vn. KERALA 

I 

Class V —^Animals; dispersal of seeds, plant, 
health and hygiene; first and some com¬ 
mon substances, air and burning, com¬ 
position of air, water and air pressure, 
water finds its level, heavenly bodies, the 
solar system, stars and constellations, 
plants 

Class VI —Birds, plants, fertility of soil, the 
human body, limestone and carbon di¬ 
oxide, heat, expansion of solid, liquid 
and gas, change of state; conduction; 
convection and radiation, the crust of 
the earth. 

Class F//—-Animals, adaptation of feeding, 
locomotion, means of protection, social 
life, hfe history of some insects; plants 
; adaptation, life-span; human body, food, 


digestion, lespiration excretion, some 
common things of daily use; light, 
shadow, image, convex lens as magni¬ 
fying glass, rainbow, magnetism and 
electricity, heating and magnetic effect of 
electric curient, magnets producing 
electric current, dynamo 

Vin MADHYA PRADESH 

Class VI —Water, importance, «ources, 
thiee states; use of steam; James Watt, 
lailway engine, impurities of water; plant 
and animal life; heat^sources, method 
of production; effect; expansion of solid, 
liquid and gas; practical application, con¬ 
ductors and insulators of heat Machines, 
railway tiain, motor car, telegraph, tele¬ 
phone, ships, submaiine, balloon and air 
ships. Measurement of length, area, use 
of graph paper, Solution, solute, solvent, 
saturated solution, mixing, solution, dis¬ 
solving gases in liquids. 

Crystallisation, preparing crystals of sul¬ 
phur, effects of heat on crystals, crysta¬ 
lline substances. 

Class vn —Air—■constituents, humidity, 
dusi, burning of substances, rusting of 
iron. Plant and animals. Heat—'tempe¬ 
rature, theiniometers, freezing and boil¬ 
ing points, transmission of heat. Three 
states of matter, effect of heat on diffe¬ 
rent substances. Decantation, filteration 
and crystahsation; volume—its unit and 
measurement Mass and weight; gravity, 
balance; levers; density and its measure¬ 
ments, elements, mixtures and com¬ 
pounds, 

Class VIII—An —^pressure, barometer, pumps, 
siphon Water—need by planland animals, 
hard and soft water, removal of hard¬ 
ness. Plant and animal Heat—conversion 
of temperature from one scale to another 
Electricity by friction, positive and nega- 
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tive charge, conductois, insulators, at- 
mospheiic elecncity, experiment of Ben- 
zamin Franklin, lightning and its pro¬ 
tection, voltaic cell, dry cell, batteiy; 
flow of current—^lamp, torch, heater, bell 
electroplating. Piessure due to liquid, 
upward and downward thrust, city water 
supply, fountains. Aichimedes’ principle 
relative density, lactometer, submarine, 
propel ties and uses of hydrogen. "Nit¬ 
rogen cycle, carbon and its pioperties 
and uses of soda water, fire extuiguisheis, 
carbon dioxide cycle, acid, bases and salt 
Manufacture of matches. 

IX. MADRAS STATE 

Class VI —Food—needed by plant and ani¬ 
mals for growth and work, common food 
of man, wholesome nutiitious food, vege¬ 
tables, milk; food habits of local animals 
from the point of view of structural adap¬ 
tation, cooking of food Breathing—^res- 
pnatoiy organs in man, ventilation Life 
histoiy of house-fly, mosquito, frog and 
silk moth. Modes of travelling on and, 
sea and air by man. Maintaining physical 
efficiency and healthy living—food, ex¬ 
ercise, sleep, air and sunshine, clothig 
and cleanliness. Safety in walking on 
the road. Building home—^building ma¬ 
terials—flighting, ventilation and clean¬ 
ing. Air—necessary for breathing and 
burning. Animals—^vertebrates and 

invertebrate. Growth of plants—^soil, 
climate and sunlight. Different kinds of 
soil. Tilling—^fertilizers and manuies- 
rotation of crops—adaptation of plants. 
Three state of matter; light—source, re¬ 
lation of life, sense organs and their con¬ 
nection with brain through nerves. 

Class VII —Food—composition—mixed and 
balanced diet, alimentary system in man— 
digestion, assimilation and excretion. 


Breathing through nose; respiration of 
plants. Growth of plants from seeds— 
propagation of plants, migration of ani¬ 
mals. Main bones and muscles in man. 
Skin and its function—’its care and dise- 
eases, the excretory system in man. Pro¬ 
tected water supply and milk supply, 
purification of drinking water. Building 
materials. Air—^its composition, ex¬ 
pansion of bodies when heated, tempe¬ 
rature, thermometers, adaptation of ani¬ 
mals Water finds its level The ner¬ 
vous system, the wheel and axle, steam 
engine, water falls, water wheels, wind 
mill, lift pump. Cast iron, wrought iron 
and steel. 

Class VIII —Food habits of local birds, soil 
and foodsupply to the plants Breathing 
organs Flowering plants, fruits and 
seeds; first aid, fire engines, fire extin¬ 
guishers, burning and. lusting. Sun, stars, 
sunspots, meteors and comets. Transmis¬ 
sion of heat, elements, compounds and 
mixtures. Eye—'its defects 
Sun—source of enrgy—^photosynthesis. 
Gravity, centre of gravity, conditions of 
equillibriiim, the ear. Sound—-production, 
transmission echo, musical instruments, 
the vocal chords. The radio—^how it 
works 

X. MYSORE 

Class V —-Air—^breathing and burning, res¬ 
piration in man, fish and plants, im¬ 
purities of air. Water—sources, impurities, 
purification, pollution and disinfection. 
Food—-necessary for growth and work— 
diets for children, adults, sick and 
manual labourers, preservation of food. 
Home, building materials, cleanliness, 
ventilation. Simple machines—lever, 
pulley, inclined plane, wheel and axle, 
friction and lubrication. Transportation— 
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discovery of wheel. Different kinds of 
- poverased.—animal, steam, petrol, elec¬ 
tricity. 

Class VI—Air —composition, purification. 
Water—uses, water cycle in nature, water 
finds Its own level, water supply in towns. 
Food—composition, balance diet milk 
and egg; drinks, effects of alcohol on 
health. Digestive system in man. Photo¬ 
synthesis in plants. Home—cleaning, 
sources of light—sun, oil, electricity; nur¬ 
sing the sick. Transportation by land, 
sea and air. Compound machines— 
bicycle, sewing machine, 

Class VII—Air —^properties, pressure. Water 
—^hard and soft, softening of water. 
Blood—circulatory system. Plants—■ 
dispersal of seeds, cross pollination, graft¬ 
ing ;heat—sources, effects, expansion 
change of state. Temperature, thermo¬ 
meters. Communicable diseases. Com¬ 
munication—post, telegraph, telephone, 
radio, etc. Eye—mam parts, defects, 
removal of defects and proper care. Ear 
—main parts, proper care, 

XI. ORISSA 

Class VI —^Different domestic and neigh- 
bonring animals, human body. Air— 
impurities, ventilation, importance of 
fresh air. Water—sources, pollution and 
purification for drinking. Cleanliness. 
Class VII — Plants, germination, dispersal 
of fruits and seeds. Food; necessity and 
ingredients of food, balanced diet; sun 
and planets, personal hygiene, cause and 
. preventioon of common diseases, nurs¬ 
ing. 

Jlass VIII —^Difference between plants and 
animals. Flowering plant. Measurement 
of.length, area, volume and mass; three 
states of matter. Archimedes’ principle, 
. floating of ships, aeroplanes and balloons. 


Separation of mixture, solution filteration, 
crystalisation, distillation, sublimation. 

xn. RAJASTHAN 

Class V —^Necessity of air for humans and 
plants, impotance of fresh air. Root and 
stem plants in neighbouring locality. 
Fly and mosquito. Seasons and seasonal 
crops. Dew, fog, snow, cloud formation, 
difference between mist and fog, rain¬ 
bow. Difference between pure metal and 
alloy. Knowledge about different metals 
and other chemicals. Three states of 
matter. 

Class FF—Skeleton of human body; consti¬ 
tuents of food; balance diet—vegetarian ,,, 
and non-vegetarian. Different types of 
plants, root, stem leaf. Difference bet¬ 
ween living and nonliving, properties of 
matter. Measurement of lengtli, area 
and volume; gravity, mass and weight, 
physical and spring balance, simple 
machines as levers, knife and razor, pul¬ 
ley and screw Density. Heat—a kind 

of energy, production and source of heat; 
effect of heat on solid, liquid and gases; , 
change of state, thermometers; matter 
and its chemical properties; heating and 
cooling. Squeezing of simple juice, solute, 
solvent, solution; solution of gases in 
liquids. Removed of spots and dry wash-' 
ing, crystallisation, physical and chemi¬ 
cal changes, burning and rusting ele¬ 
ments and mixtures, separation of cons- ; 
tituents of a mixture. Solar system, minef/ 
rals of the earth. Rocks. 

Class VII —Blood circulation and respiratory 
system; kinds of diseases, cause of skin; 
diseases and their prevention. Fruit, flower 
and their work, pollmation, germination, 
dispersal of seeds. The systematic deve- 
- lopment of creatures on the arth. Gene 
ral properties of matter, specific gravityA^ 
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j^rchimedes’ principle, floating and sink¬ 
ing, hydiometer, lactometer, balloon, 
submarine Water finds its own level, 
pressure of gas and liquid, barometer, 
siphon, pumps, clinical spray, fountain 
pen; store. Heat—production, propa¬ 
gation, ventilation. Light—a kind of 
energy; pin-hole camera, shadow, solai 
and lunar eclipses, reflection. Prepara¬ 
tion and study of properties of hydrogen 
and oxygen, carton and its allotropes, 
presence of carbon in nature; carbon 
dioxide cycle, soft and hard water. Ex¬ 
traction of matters and their classification 
as metal and non-metals. List of minerals. 

Class VIII —^Physiology and hygienic science 
excretory system and diseases. Friends 
and enemies of farmer; fungus and bac¬ 
teria of different diseases of plants, 
Darwin’s theory. Steam and its energy, 
steam engine. Refraction of light, spec¬ 
trum, rainbow; production of sound, 
method of hearing, sound waves, simple 
idea of gramophone; characteristics of 
magnets, natural and artificial magnets, 
compass, two kinds of electricity, thunder 
and lightning, lightning conductor, dry 
cells and torch; heat, light and magnetism 
produced by electricity, simple electric 
circuits, house wiring electnc bell, wire, 
iron heater etc; general idea of radio and 
x-ray. Acid, bases and salts; simple idea 

- about molecule, atom, electron, proton; 
minerals in Rajasthan; origin of earth. 

Xm. TBIPUBA 

Class V —^Animal—^vertebrates and inver¬ 
tebrates, toad. Reproduction system 
of plants, night sky—^Nebula, milky way, 
comet, meteor, constellations, Polestar 
direction finding. Weight, gravity; consti¬ 
tuents of air, importance of oxygen and 
carbon dioxide in plant and animal bfe. 


Respiratory and digestive system, pro¬ 
tection from insects, first-aid, contagious 
diseases, vaccination, inocculation, etc. 

XIV, UTTAR PRADESH 

Class VI —Levers; measurement of volume, 
centre of gravity, weight and mass, spring 
balance, physical balance. Air—its cons¬ 
tituents, ventillation Water—absolute 

solvent, purification, distillation; sources 
of heat; effects of heat, thermometers, 
natural and artificial magaets, general 
properties of magnet, general properties 
of matter; enemies and friends of agri¬ 
culture, habit and suitability of fish, do¬ 
mestic pets, human physiology, digestive 
system, monocot and dicot seeds, simple 
modification of roots and seeds accord¬ 
ing to their functions. 

Class VII —^Pulley; pressure of air, baro¬ 
meter; density; preparation of carbon 
dioxide and oxygen, their properties and 
uses; solution, saturated solution, crys- 
talisation, vanishing of sports; trans¬ 
mission of heat and uses, frictional elec¬ 
tricity, conductor general properties of 
carbon and copper, friends and enemies 
of agriculture, habits and suitability of 
earthworm. Human physiology, kidneys 
lungs, skin, lever. 

Class FI/7—Wheel and axle, inclined plane, 
nail and screw, simple pump, bicycle and 
football pump, siphon. Pressure of liquid 
Archimedes’ principle, floating and sink¬ 
ing, balloon and submarine. Lactometer; 
relative density; acid, base and salt; 
hard and soft water, method of removal 
of hardness of water; sources of light, 
straight line propagation of light, pinhole 
camera, eclipses, reflection of light. Kale¬ 
idoscope; refraction; dry cell, heating 
lighting and magnetic effect of current, 
house wiring, fuse, heater, iron, bulb 



The Gardens and 
Parks of Delhi 

G, S. Paliwal 
Department of Botany, 

University of Delhi, 
Delhi 


HE twin cities of Delhi and New Delhi 
have a sub-tropical location (Lat, 28° 35' 
N, Long. IT 12 E') m the Indo-Gangetic 
Plain, on the fringe of the Thar desert. The 
average elevation of this teintory is 700 
ft above sea level and the rainfall is low 
(26''—^28" anptially), received mostly during 
the monsoon months. In fact taking average 
figures for the whole year, only 10 per cent 
of the days are wet. The summer is scorching 
hot with temperatures shooting up to 46° C, 
and with frequent dust storms. The winter 
IS severe and the mercury sometimes approa¬ 
ches zero. There are three marked seasons 
in the year: the rainy season (July-October), 
winter (November-February), and summer 
(March-June). 

River Yamuna enters Delhi area from 
the north and leaves it m the south-east. 
A spur of the Aravalli Hills lies diagonally 


across the city, extending in the south-west- 
north-east direction. This constitutes the 
so-called Delhi Ridge. Also, there is the 
southern or New Delhi Ridge which ad- 
joims the Presidential Estate (Raslitrapati 
Bhnvan Aiea)andtheBirIa Temple. Portions 
of both the ridges have been quarried for 
laying roads and erecting buildings. 

Owing to differences in soil type and the 
availability of water, a variety of habitats 
prevail, and several vcgetational types can, 
be distinguished. The major ones are: (i) the 
vegetation of the Ridge, (li) the vegetation of 
the low-lying area, (lii) the vegetation of the 
riveiine areas, and (iv) the cultivated plants. 
In the present article it is intended to describe 
the plants growing in the gardens and parks, 
which beautify this cosmopolitan city, 77 
sq. in. in area with a population of about 3 
million. 

On account of its political importance since 
the days of Mahabharata (ca. 2500 B.C.), 
the populace has been noted for its love of 
parks and gardens. This art has developed 
more rapidly after independence. By the 
large number of flower shows arranged every 
year, it appeais that during the recent past 
the people have become more garden-minded. 

Different trends can be witnessed in the 
development of gardens and parks. The; 
influence of the Mughal, European and even 
Japanese designs of layout is evident in the 
public gardens such as Qudsia, Nicholson, 
Qutab, Roshan Ara, and those associated 
with the historical monuments. In these 
one finds an abundance of evergreen forms 
along with asparagus, crotons, jasmines,' 
rangoon creeper and other creepers, and the 
best quality of Bela, Juhi, Mogra, Calendula 
and Henna are grown in plenty. 

The avenues of New Delhi are famous for 
their artistic patterns, Several flowering trees, 
beautify the roads, housing areas, trafic. 
squares and circuses; they also give “a Very, 
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soothing shade during the summer. In winter 
several traffic islands are decorated with multi¬ 
coloured, gorgeous seasonals such as the 
chrysanthemums, gerberas, phloxes, violas, 
and verbenas. Hardy plants such as Aspara¬ 
gus, Rhoeo, Zebrtna, and even Bougainvillaea 
spectabihls can also be seen in hanging 
baskets adding glamour to the busy roads 
The trees Bums roxburghu add charm to the 
famous Vijay Chowk. 

The common avenue trees are: Ailanthus 
excelsa, Azadirachta indica, Bauhinia vane- 
gata. Cassia fistula, cassia renigera Dalbergia 
sissoo, Delonix regia, Eucalyptus spp.. Ficus 
Krishna, Ficus religiosa, Grevillea, robusta, 
Heteophraragma adeiiophyllum sp., Jacaranda 
mimsaefoha, Kigelia pmnala, Lagerstroemia 
speciosa, Mangtfera indica, Melia azedarach, 
Millingtonia Iwrfensis, Mimusops elengi, Polya 
fihia longifoUa, Pongam a pinnata, Putranijsva 
rtxburgln and Terminalta arjuna. 

The gardens, such as the Buddha Jayanti 
Park, Lodhi Gardens, Rajghat, University 
Campus Gardens, Corporation Park, Talka- 
tora Gardens and those in the new resi¬ 
dential colonies, most of which have been 
developed after independence, show diverse 
blends of colourful foliage and flowers. Here 
one can come across different species represent¬ 
ing both tropical and sub-tropical vegetation. 

The Vice-Chancellor’s Avenue in the Uni¬ 
versity Campus is decorated by Polyalthia 
longifolia, with its long, shiny, evergreen 
leaves. The parks on both sides of the Rajpath 
(New Delhi) are adorned by Syzygium cera- 
soideum. Its semi-globose compact crown 
and light green leaves have a soothing effect 
on the eyes. In many gardens Mimusops 
elengi has been grown because of the mild 
fragrance of its white flowers which is very 
refreshing. Other common avenue plants 
are Biota orientahs and Roystonea regia 
which are generally grown in rows. 

Perhaps the best kept garden in the country 


is the one associated with the President’s 
Estate. It is open to the public only during 
the months of January and February, and a 
visit at that time is a memorable event of 
one’s life. One sees here an excellent collection 
of winter annuals. The terraced garden with 
a central oval pond, the carpet-like lawns, 
the majestic thujas, the flower-laden Pyrostegia 
venusta, the unending varieties of flowering 
herbs, the well-trimmed citrus bushes, the 
red-stone covered paths, and the many 
fountains make the garden a paradise. No 
wonder, therefore, that this garden has 
featured m several coloured movies. The great 
interest of the late Dr. Zakir Husain in 
gardening further added to its grandeur. 

Rajghat, where the mortal remains of 
Mahatma Gandhi the Father of Nation, 
were finally laid to rest—has become a 
‘must’ for almost every dignitary visiting the 
Indian capital. Several VIPs have planted 
saplings in memory of their visit and in 
homage to this champion of liberty. Avenues 
of Eucalyptus lobosus,'filth, their mild warming 
spicy odour, Chandelion trees (^Kigeliapinnata) 
and the dark green Pongamla pinnate provide 
a very attractive appearnace : a synthesis of 
serence and simple yeat uplifting atmosphere. 
Handsome shrubberies are interspersed in 
the garden, and colour is present all the year, 
round. The two other samadhis—that of the 
first Prime Minister, Jawahar Lai Nehru, the 
SHANTi VANA and the other of his successor, 
Lai Bahadur Shastri, the vijay ghat —are 
still in the early stages of their development. 
From the layout plans, however, one gets 
a good idea of the sombre picture that will 
emerge in due course. 

An extremely well maintained garden is 
that of India International Centre in Lodi- 
Estate. Adenocalymma, Alstoma, Araucaria, 
Bauhinia, Beaumontia, Bougainvillaea, 
Callistemon, Chikrasia, Delonix, Eucalyptus, 
Jacaranda, Lonicera, Plumeria, Thunbergia, 
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of hexand and benezene. Why does mercury 
have such a high value, and lluro-carbons 
such a low one*^ Is it the nature of surface 
atoms or their orientation at the surface 
which matters'? Which part of bifunctio- 
nal molecule concentrates on the surfaces, 
the more active functional group or the less 
active hydrocarbon part? 

Surface tension has long been regarded 
as a direct measure of the mtermoleoular 
forces. Probably, it is one of the simplest 
method of determining the intermolecular 
forces. But what type of forces are involved 
in making the tension existing of the sur- 
face? Is the contribution of various type 
of forces additive or mutually exclusive? 

From our present knowledge of vaiious 
kinds of forces, we know that the intermole¬ 
cular forces in saturated hydrocarbons are 
only di.spersion forces. Everyone knows 
the Van cler waals forces—the forces which 
make even permanent gases, liquify at low 
temperatures and high pressures. Obviously 
these forces are short-range forces. Unlike 
columbic forces, they do not vary inversely 
as the square of the distance but as 6th or 
7th power of the distance, which means that 
surface forces cease to exist beyond a dis¬ 
tance of 10^® or 10~7 cm from the surface 
and that the thickness of the surface layer 
is of the same order. 

Now these Van der Waals forces arise 
from the interaction between; 

(a) permanent dipoles of molecules; 

(b) permanent dipoles and induced 
dipoles, 

(c) instantaneous diploes and induced 
instantaneous dipoles, etc. 

In. case of inert gases, type (c) interactions 
are responsible for their hquification. They 
are caUed dispersion forces. 

Thus if we consider the contributions 
of various forces to surface tensiou as addi¬ 


tive, we may expect the surface tensions of 
liquid metals or polar liquids (i.e. those 
which have, at least, two independent types 
of forces) to be made up of the two inde¬ 
pendent terms: 


Water > Hydrogenbonding-t-Dispersion 

forces 

Mercury metal bonding -Fdispersion 

forces 


Hydrocarbons 

dispersion forces. 


There are many interesting phenomena 
of both practical and theoretical importance 
which occur on the surface of a liquid. 

Surfaces of solids 

The concept of surface tension of solids 
is dilTicult to visualize, as the visible charac¬ 
teristics observed in the case of liquids are 
not observed here. In a liquid, molecules 
from the bulk phase can enter or leave 
the surface as it expands or contracts, while 
in the solid, any such movement will resub 
in the variation of inter-atomic distances re¬ 
sulting in strain. In simple words, we can 
say that the surface of a liquid is smooth or 
to use a more technical term, homogeneous, 
whereas the surface of a solid is rough or 
hetrogeneous. Liquid drops tend to assume 
the shape of minimum area i.e., spherical, 
while solids tend to crystallize i.e., have 
sharp corners, edges, boundaries, etc. 

The shape and position of a liquid in a 
capillary is a function of its surface tension, 
but same is not true for solids. Thus the 
observable manifestations of surface energy 
in case of liquids and solids are very diffe¬ 
rent. Surface energy of solids reveals itself 
in phenomenon like wetting, spreading, 
lubrication, absorption, corrosion, etc. One 
interesting method for determining the sur¬ 
face tension of solid is the wire-suspension 
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method. A fine single crystal wire is used 
to support a weight, as temperatures near the 
wires’ melting point. At such temperatures, 
the mechanical strength of the wire is sup¬ 
posed to be negligible and the weight is al¬ 
most supported wholly by the solid-vapour 
surface tension of the wire. If the wire is 
poly-crystallme, the gram boundary sur¬ 
face tension must also be considered. 

This method has revealed that there is 
no drastic change in the magnitude of the free 
surface energy of a liquid on solidification, 
for example :- 

Metal Liquid at 150°C Solid at 950‘’C 

Copper 1735 dynes/cm 1830 dynes/cra 

Iron 1788 dynes/cm 1950 dynes/cm 

Further such high values of surface energy 
suggest that metal surfaces are potentially 
very reactive. The lack of activity of many 
metals at ordinary temperatures is due to 
their being covered by protective oxide layer 
Studies m electronics, catalysis and coriosion 
have demonstrated that it is extremely diffi¬ 
cult to obtain a perfectly clean metal sur¬ 
face. Often they are covered by a mono or 
multilayers of loosely or firmly bound oxygen. 

The tendency of a metal to react with 
oxygen is indicated by the free energy change 
accompanying the formation of an oxide. 
The table below lists the values for some 
common metals. 

Free energy of formation of metal oxides (per oxygen 
atom) at 500°K-/ii kilo-calories 


Calcium 

— 138 2 

Zinc 

— 71.3 

Manganese 

— 130.8 

Hydrogen 

— 58 3 

Aluminium 

— 120.7 

Iron 

— 55 5 

Titranium 

— 101.2 

Cobalt 

— 47.9 


Sodium — 83 0 Copper —31,5 

Chiomium —81.6 Silver +06 

Gold +10 5 


Those showing a large decrease in free 
energy (negative value) are prone to quick 
oxidation. Among metals where oxides are 
stable, two general types of behaviours are 
observed. Alkali and Alkaline earth metals 
(sodium, calcium etc), form a porous oxide 
film, others such as iron, copper, etc , form 
more dense films The thickness and growth 
rate of these surface films determine the 
degree to which the oxide piotects the metal 
beneath it. In order to know whether the 
oxide films formed is porous or dense, a 
formula known as Pilling-Bedworth ratio 
IS used. 

Volume of oxide formed _ M d. 

Volume of metal consumed a mi) 

where M is the molecular weight of oxide, 
having a density ‘D’, m is the atomic weight 
of the metal having a density ‘d’, ‘a’ gives the 
number of metal atoms pel molecule of oxide. 
If the ratio is less than one, the film is porous 
and non-protective. Oxygen can penetrate 
to the metal atom. If the ratio is one or more 
than one, the film is dense and protective. 
Wagner has suggested a mechanism for the 
oxidation of metals based upon the charac¬ 
teristics of the film formed. 

The impurities present in metals diffuse 
to the surface, when metals are heated or 
subjected to strains and cause a tremendous 
change in surface properties of solids. As 
little as 10“® moles/cmS of antimony can 
bring down the surface energy of copper to 
half Its original value. 


Classroom esporiments 


A New Approach lo the 
Anatomy of a Leaf 

Syed Jalaluddin 

R. V. Teachers College, Bangalore 

TT is a pioblom llial the methods for 
teaching the plant anatomy aie in¬ 
adequate specially in high school classes. 
The micioscope, no doubt, gives a clear idea 
of the anatomical features of any part of the 
plant-body, but often, even the use of micro¬ 
scopes in schools is neglected. 

The leaf anatomy is the first anatomical 
stnicttiie that a pupil learns in high school. 
So it IS desirable that in the beginning a pupil 
gets a piecise concept of leaf anatomy, which 
forms the basis to compichend the anatomi¬ 
cal structuie of any othei paiL of a plant- 
body. 

Hence a new method has been evolved 
for this purpose by the author of this article 
and is called ‘the injection technique.’ It is 
equally necessary to use a three dimensional 
anatomical model of the leaf in combination 
with this senes of experiments to make the 
students familiar with the anatomy of the leaf. 

Experiments on leaves of Synaderium grantil 

There are thiee experiments which can 
be easily performed on the leaves of Syhade- 
riuiri grantil Hook (a small tree, family 
Euphorbiaceae) which IS a native of tiopical 
Africa. It has been cultivated in India. 
The specimen for experiments has been col¬ 
lected fiom Bangalore City proper. The 
essential, instrument needed for all these ex- 
peiiments is a hypodermic syringe 


Experiment I : — To show the positions of 
different type.s of cells in a leaf 

Materials necileil: 

1. A. hypodeiinic syringe with a hypo¬ 
dermic needle 

2. Red ink 

3. A leaf of Synaderium grantil. 

Draw a few cubic centimenters of ted 

ink into the hypodei mic syiinge. Then take 
a leaf of Synadeiium grantil and hold it up¬ 
side down to inject the ink into the lower 
part of mesophyll of the leaf thiough its 
petiole as shown in the figure No. 1(A). 

The red ink will .spiead in various cuived 
lines in the leaf. It percolates on only one 
side of the mid-rib, unless pressure is in¬ 
creased on the syringe, as the raid-rib tissue 
IS compact. The colour will be brighter on 
the lower side of the leaf than on its upper 
side {Fig. [ A Sl B). 

The ink will not move smoothly in the 



FIGURE 1 

A,—Injeclmg ink mlo the leaf of Synaderium (Lower 
view) 

B—Upper view of the injected leaf. 

C—A cut part of the Injected leaf at the region 
marked by a horizontal arrow, showing the 
position of ink. 

D—An enlarged anatomical structure of the leaf 
showing the position of ink in the mesophyll 
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mesophyll because of the haphazrd posi¬ 
tions of the air spaces in between spongy cells. 
Due to the presence of one oi two layers of 
palisade cells the colour is not brightly seen 
fiom the upper side of the leaf This is due 
to the piesence of palisade cells above and 
spongy cells below in the legion of mesophyll. 

To confiim this we go to the next step 

Take the injected leaf and cut it with a 
blade just at the margin of the coloured 
aiea and observe the cut-end of the leaf. 
{Fig 1 B) 

The cut-end of the leaf will have an upper 
green layer and a lower coloiiied layer 
{Fig I C) 

The upper gieeii layer shows the position 
of the palisade cells and proves that they are 
ananged compactly with less intercellular 
spaces. The lower coloured layei shows that 
the red ink occupies the air spaces in bet¬ 
ween the spongy cells {Fig 1 D). So air 
spaces aie more in the spongy area of the 
mesophyll. 

Experiment 11 : To show that stomata are 
present on the leaf 

Take a healthy young leaf of synadenuni 
grantii, see that there are no epidermal 
ruptures on it. Hold the leaf upside down, 
one or one and a half inch below the surface 



figure 2 

A—Injecting water into the leaf of Synadcrium 
under water. 

B Injecting air into the leaf of Synaderium 
Linder water. 


of watei. Draw a few cubic centimeters of 
air into the hypodermic syringe and inject 
the an into the lowei paiL of mesophyll, 
tluough Its petiole. {Fig 2 B). 

A number of bubbles will be seen coming 
out of the leaf More bubbles will arise fiom 
the lowei side of the leaf Most of them will 
use near the mat gin of the leaf m vaiious 
forms 

The air comes out through the pores of 
the leaf. So there aie stomata on the leaf. 
Theie are moie stomata on the lower side of 
the leaf Most of them aie at the margin 
of the leaf-blade Difference in the size 
of air bubbles indicates that there aie giad- 
ings in the openings of the stomata 

Experiment III To show that there is air 
in the leaf 

Take a healthy young leaf of synaderium 
grantii and wash it well Take a tiay filled 
with water. Hold the washed leaf upside 
down, 1^ inch below the surface of water. 
See that there are no air bubbles on it. Use 
a brush to wipe off air bubbles, diaw a few 
cubic centimeters of water inks syringe and 
inject it into the lower part of mesophyll of the 
leaf which is under watei as m figure 2 {A) 

As the water goes on spiending into the 
leaf some air bubbles will come out from the 
surface of the leaf 

There is air in the mesophyll There are 
stomata on the leaf The air is m the spaces 
between the cells of the mesophyll The 
water occupies air spaces by displacing air, 
the outlet for the air being stomate. 

The se experiments have also been tried 
on other plants like Nerium Oleandei L, 
a member of Apocynaceae, similar results 
have been obtained 

Let this experimental approach be use¬ 
ful to all teachers and let the students of the 
high school derive inspiration in conducting 
novel experiments of this kind. 




AIR to the Rescue 

James Lawrie 


TF you had the mechanical handling job 
of moving a heavy load over a floor 
or surface which was too weak to support 
it, or if you had to move a heavy, awkward- 
shaped or a very delicate apparatus over an 
uneven surface, would you use a Hovercraft? 
Perhaps not of the sea-going variety, but 
you could use the same principle. A Hover¬ 
craft is a vehicle that moves on a ‘cushion’ 
of air generated by the craft itself; it floats 
on air, so almost completely eliminating 
friction. The cushion enables the craft to 
ignore uneven water or land surfaces. The 
British inventor, Christopher Cookerell, de¬ 
fined Hovercraft as an attempt to extend the 
uses of a land vehicle to surfaces like the sea. 

The fact that Hovercrafts are now ope¬ 
rating in numerous places with great success, 
caused industry to give the air cushion prin¬ 
ciple, a long hard look and the air cushion 
now has some some striking industrial uses. 
Hovercraft Development Ltd., for example, 
have come up with the idea of industrial lif¬ 
ting pads,a simple example of which consists 
of a frame-work to take the load, suppor¬ 


ted on Four circular lifting pads, each of 
which is simply a wooden base fitted with a 
fabric skirt and a single air feed. The skirt is 
shaped so that small changes in hover height 
will give big increases in pad area and thus 
stabilise loads and offset uneven ground. 

Pads of I to 3 ft diameter can be ope¬ 
rated up to 20 Ib/in* providing up to 2 in. 
ground clearance The individual pads may 
be placed under convenient positions at 
the base of the load, the factory airline sup¬ 
plying the pads. The load can be man¬ 
handled in any direction. The pad need not 
be circular and, under a framework, provide 
a lifting platform. An experimental unit 
recently demonstrated lifted a 1 ton load 
three quarters of an inch above the ground, 
clearing 3/8 inch high obstacles for an air 
delivery of 50 cfm at 2^ Lb/in® cushion 
pressuie. 

The question of moving really heavy loads 
is under investigation and it is probable that 
I to 2 ton pallet units and 20 ton containers 
may be lifted and easily moved by the air 
cushion method over normal factory floors 
and ship’s decks. 

The Elliott Aeroghde conveyor system is 
another application of the Hovercraft prin¬ 
ciple and consists basically of an air blower 
supplying low pressure air to a duct situated 
below the conveyor surface, a series of valves 
being connected to outlets m the conveyor 
surface. These valves, normally closed, open 
immediately the object to be conveyed covers 
their outlets, thereby supplying the support¬ 
ing air under the object. The valves auto¬ 
matically close once the object has passed. 

Objects weighing 1000 Lb can be moved 
horizontally by a force of only 1 Lb or they 
will travel unaided down an incline of only 
5 ft per mile. Running costs are cheaper 
than those of conventional conveyor systems. 
Sacks, bags, bricks and concrete products, 
drums, flat sheets, pallets and trays can all 
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be handled and special ‘float’ ' tables or 
floors can be applied to aircraft and other 
vehicles. 

Even the medical profession has turned 
to air cushioning. In cases of severe burns 
the pressure of bed clothes and the body 
pressure from lying down can be painful and 
retard tieatment. To overcome this and so 
help to speed treatment and recovery of badly 
burnt patients, the "National Research Deve¬ 
lopment Council is sponsoring the develop¬ 
ment of a hoverbed m, or on, wliich the 
patient is suspended on a cushion of air, 
sealed on a narrow round the body. 

Reprinted from SPECTRUM, 41, with kind 
permission. 


Crystals : Magic World 

Corresponding Members of the USSR Academy 
of Sciences Boris VAINSHTEN, Director of the 
Institute of Crystallography replies to questions put by 
a Moscow News correspondent. 


Why do scientists study crystals? 

Crystals are the most perfect creation of the 
inorganic world. They have long been 
attracting man’s attention. It might seem 
that they have already been studied m minute 
detail, but new discoveries are constantly 
being made. 

“Diamond crystals are used to cut deep 
into the earth’s crust. Crystal silicon batteries 
collect solar energy out in space to feed 
various devices in man-made satellites. The 
wavelength of every radio station in the world 
is established by means of quartz crystals. 
The heart of optical quantum generators— 
sources of light unmatched in capacity—are 


crystals of synthetic ruby which have long 
done us good service m our pocket and 
wrist-watches.” 

“The vast sphere of semi-conductor electro¬ 
nics IS based on the crystals of germanium, 
silicon and certain others. These crystals 
are installed in tmy transistor radios and big 
electronic computers which perform millions 
of operations a second.” 

“The wide use of crystals explains the 
interest taken m them by physicists and 
chemists, mineralogists and biologists, 
metal experts and scientists in many other 
spheres”. 

What interesting research have Soviet crystal- 
lographers carried out? 

“In recent years Soviet scientists have stu¬ 
died hundreds of crystal structures and, 
on the basis of this, developed the theory of 
atomic structure of the main minerals in the 
earth’s crust, as well as of many other materials 
essential for national economy”. 

“Some 10-15 years ago, an analysis of every 
atomic structure took 3-4 years and could 
only be done by a specialist with extremely 
high qualifications.” 

‘Recently Soviet scientists made an atito- 
matic diffractometer, an instrument which 
together with an electronic computor 
automates many highly intricate opera¬ 
tions in the structural analysis of crystals. 
This instrument is now used in many 
laboratories throughout the world.” 

“How IS information stored and passed on 
in a cell ? What happens in an ageing orga¬ 
nism and how do its tissues change? The 
answer to these and many other questions are 
being sought and found by biologists working 
alongside crystallographers”. 

“The apphcation of structural analysis of 
crystals in studying the structure of biological 
objects—^proteins, nucleic acids, vita¬ 
mins, viruses, etc., literally caused a revolu- 



130 


•SCHOOL sciiNcn lUKr 1969 


lion in moelcular biology A. knowledge of 
the atomic architecture of these giant mole¬ 
cules leads to an understanding of their 
biological functions. This, consequently, 
makes it possible to govern these 
processes ” 

“Soviet scientists have studied the structure 
of a number of natuial compounds from 
amino acids (oidinary brick of which all 
pioteins are made) to the giant molecules of 
viruses which contain millions of atoms. This 
type of research, which is being continued 
.successfully, forms the bolder line between 
the organic and inorganic and brings scientists 
closer to the innermost secret of nature, that 
is, to deciphei the essence of life ” 

“Among the recent achievements of Soviet 
researchers is an apparatus for analysis of 
heterogeneity of semi-conductoi crystals. 
Semi-conductoi crystals are opaque to visible 
light but are translucent to infra-red rays. 
This instrument is based on the use of infra¬ 
red rays Like an electronic beam m a TV 
tube it runs along the crystal and registers 
on the instrument all it has seen. This 
method makes it possible to spot in semi¬ 
conductor crystals heterogeneities and micro¬ 
admixtures that cannot be traced by any 
other means.” 

What important crystals have Soviet scientists 
succeeded in synthesising recently? 

“The task facing physicists and crystal- 
lographers is not only to probe and study the 
structure and properties of crystals but to 
create those required in technology. This 
is all the more important since the natural 
storehouses of crystals are already becoming 
exhausted However, even they cannot 
meet the needs of modern technology in 
quantity or quality At present more than 
1,000 artificial crystals are made in different 
parts of the world. These possess properties 
unknown in nature. One of the latest 


achievements of Soviet scientists was the 
production of artificial diamonds which are 
now put out on a commercial scale, and the 
production of boraron, the diamonds’s closest 
rival in haidness ” 

‘'Thecrcation of optical quantum generators 
ranks among the outstanding discoveries 
of recent times. A synthetic ruby, processed 
in the foim of a rod, with a small addition 
of chromium oxide is used as the generator 
of light This rod is illuminated by a power¬ 
ful flash of gas discharge tube and immediately 
radiates concentrated energy in the form of 
a beam At present ruby crystals are used 
to shoot ii record capacity of light beams run¬ 
ning into ten million kilowatts. So far this 
flash lasts only a few nanoseconds (I nano¬ 
seconds 1/1,000,000,000th of a second)” 

“The Tnstilute of CrysLallogiaphy produced 
the first samples of Yttrium aluminium garnet, 
another crystal used in quantum electronics 
This crystal is easily energised. It can be 
used to make a quantum generatoi opeialing 
from an ordinary incandescent lamp”. 

“CiysLals are also used in quantum genera¬ 
tors to guide the light beams. One of these 
ciystals is potassium dihydrophosphate which 
can easily replace the mechanical shutter of a 
camera. The optical shutter developed at 
our Institute can give exposures of less 
than a millioiilh of a second This is 
1/1,000th of the time required by the quickest 
mechanical shutter. I should also like to 
mention the apparatus developed at the 
Institute for the synthesis of ruby and sapphire 
crystals. The crystals are grown from the 
pulverised inilial material in flames at a 
temperature of over 2,000°.” 

How do you visualise the future of crystallo¬ 
graphy? 

“The development of virtually every branch 
of crystallography holds our vast prospects. 
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Here are some illustrations taken at random. 
Of great interest are the so-called electro- 
optical crystals produced by Soviet scientists. 
A superimposed electrical field, as the name 
implies, alters their optical properties. This 
can he accomplished at colossal speed 
allowing for several thousand millions of 
switch-ons and switch-offs a second. This 
principle can be employed to make new 
super-fast computers without electrical cir¬ 
cuits. They will be replaced by beams of light 
controlled by the electro-optical crystals which 
do the switching on and off. It may be 
expected that new types of TV sets will appear 
on the basis of these electro-optical crystals. 
The image in these TV sets will be formed by 
means of electro-optical crystals instead of 
electronic tubes.” 

“Finally (this idea has already been sug¬ 
gested) these crystals may be used to make 


leases and objectives with variable focus 
distances which will be regulated by an 
electrical field.” 

“Another illustration is albumen ciystals 
The determination of their structure has 
already disclosed the essence of such impor¬ 
tant piocesses as the combining of oxygen 
and homoglobin—an important phase in the 
process of respiration A study of the al¬ 
bumen crystals of lysozyme made it possible 
to undeistand how this helps the organism 
and destroys harmful bacteria. A study of the 
crystal structure of such proteins as pepsin, 
trypsin and others, which is now carried out 
in a number of laboratories throughout the 
world, including the Soviet Union, will 
disclose the essence of digestion.” 


Br Courtesy: Moscow News, 48, 1967, 
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Charles Darwin 


Deepak Yadav 
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■pASCAL once remarked that the entire 
■■■ face of the world was changed by the 
shape of Cleopatra’s nose. Almost two 
thousand years later the entire face of history 
was very nearly changed by the shape of yet 
another nose. In the fall of 1831 the 22 year 
old divinity student Charles Darwin, was to 
sail as an unpaid naturalist on His Majesty’s 
Ship, the Beagle. But Captain Fitzroy, who 

.—~Papet pr.esMted~al -a.fiSiienlific. Pjper RJadmg 
Universiiy of Punjab, Chandigarh, in Januiry, 1969, 


commanded the Beagle, hesitated to take 
Darwin along because he judged from the 
shape of Darwin’s nose, that the young man 
had “neither the mentality nor the energy” 
to become a good scientist. Had Darwin 
never sailed on the Beagle, he would most 
likely have taken Holy Orders, and science 
would have lost one of its epoch making 
works—the story of the evolution of man. 
Fortunately, for the advancement of learning, 
however, Captain Fitzroy changed his mind 
about the shape of Darwin’s nose and Darwin 
was allowed to sail on the Beagle. Captain 
Fitzroy and Darwin later became fast friends 
though their views differed widely. And 
thus the young theological student was 
launched upon a religious adventure of a 
new kind. Fie set out to explore and to 
interpret the world of God as inscribed in the 
Bible of living things. 

Darwin was born at Shrewsbury on the 
same day as Abraham Lincoln, Feb. 12,1809— 
—a coincidence which led one of his bio¬ 
graphers to see him as “the emancipator of 
the human mind from the shackles of igno¬ 
rance, just as Lincoln was the emancipator 
of the human body from the shackles of 
slavery.” The year 1809 was lavish with its 
meteoric shower of geniuses. In that one 
year an entire basketfull of them was dropped 
into the lap of humanity —Darwin, Lincoln, 
Gladstone, Chopin, Poe, Tennyson, Oliver 
Wendell Holmes and Elizabeth Barrett Brown¬ 
ing, to mention only a few. Every one of these 
“superior children of the human race’ contri¬ 
buted something towards the permanent 
beauty and nobility of the world—and the 
contribution of Darwin was not the least 
among them. 

As a child, Darwin was gentle, meditative 
and acutely observant of his surroundings, 
Even when he was confronted with danger 

contest" organised by the Department of Botany, 
This paper -won a prize. 
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he was able to pursue his observations in the 
midst of his fear. One day, absorbed as 
usual in his thoughts, he was walking through 
the fortihcations of Shrewsbury and stepped 
absent-mindedly over a parapet. Suddenly 
he found himself falling through the air, to lus 
death, as he believed. Yet lus wits were alert. 
This was but another interesting experiment 
for a scientifically minded little fellow. Dar¬ 
win said later—“The number of thoughts 
which passed through my head during this 
very short but sudden and wholly unexpected 
fall was astonishing—all of which seemed 
hardly compatible with what physiologists 
have stated about each thought requiring an 
appreciable amount of time.” 

Darwin loved to collect and study all sorts 
of pebbles, shells, coins, birds’ eggs, flowers 
and insects. His father considered Charles 
a good for nothing loafer whose only mission 
in life was to mess up the house with his 
everlasting rubbish. 

Darwin’s father desired him to study medi¬ 
cine but it soon became evident that Charles 
was not cut out to be a doctor. And so he 
tried to turn him into a clergyman. As a 
youngster Charles had shown distinct reli¬ 
gious tendencies. As he ran to school each 
morning after breakfast, he prayed fervently 
to the Lord to aid him in arriving before it 
was too late. But — and this was a point 
which his father overlooked—Darwin started 
so late for school that it was necessary to 
pray. 

For three years then, Charles studied at 
Christ College, Cambridge. He considered 
these 3 years to be a waste of time—time 
wasted in drinking, merry-making and 
flirting. It was at this college, that he met 
the eminent scientist Professor Henslow, 
through whose recommendation he was 
allowed to sail as a naturalist on H.M.S. 
Beagle. 

For five years the H.M.S. Beagle sailed 


over the seas and Darwin was privileged to 
behold with his own eyes “the wonder of the 
world and the mysteries of its teeming life.” 
With the precision of a scientist and the 
imagination of a poet he collected, observed 
and classified the scattered fragments of the 
Chinese puzzle of existence and tried to piece 
them together into a comprehensive and 
comprehensible design. After twenty yeais 
of laborious research, he determined that Ins 
vast accumulation of facts when examined 
impartially, pointed to but a single 
theory— the theory of evolution by 
natural selection still provides the central 
framework of ideas for all biological 
science and will inevitably continue to 
do so. The theory of evolution is without 
any doubt the most important generalization 
yet made in the field of biology, worthy to 
rank with the great generalizations of the 
physical sciences, such as the conservation 
and degradation of energy, the modern theory 
of the atom, or Newton's Laws of motion and 
theory of gravitation. Charles Darwin made a 
far greater contribution than any other single 
man towards establishing the theory of evolu¬ 
tion; he may indeed with some justice be 
called the Newton of biology. 

It IS interesting to note that whatever 
Darwin did, he did with the aim of knowing 
more about this new theory of evolution. 
Even when he fell in love with and married 
his cousin Emma Dedgwood and settled 
down in the country side to raise a faimly of 
ten children, he was all the time endeavouring 
to discover if possible, “the secret of their 
true ancestry.’ 

This theory of evolution may be summarised 
briefly as follows,—“In this world of ours 
there is an unlimited multiplication of living 
creatures. The food supply, however, is 
limited, so too is the available living space m 
the world. The result is a life and death com¬ 
petition between all living things, an qver- 
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lasting struggle for existence. Those that are 
best fitted to their environment are able to 
live and the rest are doomed to die. The 
evolutionists call this process “the survival 
of the fittest,” But in the course of time the 
environment keeps changing—from sea to 
land, from valleys to mountains, from glacial 
periods to periods of warmer climate, and 
so on. During these changes it becomes 
necessary for the living creatures also to 
change or to evolve from one species to 
another, in order that they may survive undei 
the new conditions. The process by which 
this evolution takes place is called natural 
selection—that is nature’s selection of those 
characteristics which enable the species to 
survive, and her elimination of those charac¬ 
teristics which are no longer necessary for 
survival in the new environment.” 

This, in a nutshell, is the whole story of 
evolution. 

The theory of evolution is not the only 
contribution of charles Darwin to the scienti¬ 
fic field. He contributed much to the field of 
botany too. Darwin did extensive work on 
insectivorous plants and published a book 
about them. This book now provides us with 
solid ground for our modern knowledge m 
this subject. He published numeroits smaller 
works too. He wrote books on the fertiliza¬ 
tion in plants, and the special devices for 
cross-ferPhzation involving the evolution 
of different kinds of flowers on the same 
species. In 1&97 he produced “The Variation 
of Animals and Plants under Domestication” 
—an enormous Compendium of the know¬ 
ledge he had amassed in this field, as a basis 
for understanding variation in nature but 
which also proved of great value for the 
practice of plant breeding and for the general 
theory of selection. 

The Voyage of the Beagle; The Origin of 
Species; The Ascent of man wrongly named 
the Descent of man; The Expression of the 


Emotions in Man and Animals; Movement 
in plants —these are just a few of the other 
books he wrote. 

Darwin is generally credited with the theory 
that men are descendents from monkeys. As 
a matter of fact, he never said anything of 
the sort. He believed that men and apes are 
both evolved from a common prehistoric 
ancestor that is now extinct, The ape, iu 
other words, is not our forefather but our 
distant cousin. 

Man according to Darwin is the highest 
form of animal life. He is superior to other 
living beings. Man is a rational creature. 
He is best adapted to his environments. With 
his ingenuity lie has learnt much of nature’s 
secrets and has now extended a hand far 
out into the space to learn more about this 
universe of ours. 

Many people were drawn to Darwin like 
a magnet and he in turn was drawn to other 
people. He had great love in his heart for 
his fellow human beings. In his bluish eyes 
there was a perpetual twinkle of sympathetic 
understanding. Such was the kindly serenity 
of his face that strangers would come away 
from their first visit with tears of joy 
in their eyes. Even though Darwin expounded 
the theory of evolution, he himself was not 
an atheist but regarded himself rather as 
an agnostic. He was not very certain of his 
belief in God but he was quite certain of his 
belief in man. 

Darwin died at the age of seventy-three 
and with his death departed one of the noblest 
men that ever lived on this world of ours. 
Darwin’s death was the signal for a world 
wide chorus of denunciation. His enemies 
consigned his “unrepentent soul” to hell. 
But one old lady in England thought other¬ 
wise. “To be sure Darwin has proved there 
is no God,” she said, “but God is so kind fie 
will surely forgive him.” 



corner 

Great Dutch Pioneer of 
Scientific Research 

Willem Hendrik Keesom 

Discoverer of superfluid 


^HE New Academy, so called in order to 
distinguish it from the 15th century con¬ 
vent which for more than three hundred and 
fifty years has been the principal building of 
Leiden University, was built round about 
1860. It rose at the spot where, in 1807, 
one of Napolean’s supply ships exploded 
while carrying a cargo of gunpowder. The 
New Academy contained not only the labora¬ 
tories for physics, anatomy, physiology and 
chemistry, but also a room housing the ad¬ 
ministrative centre of Holland’s oldest, and 
at that time largest university 

In 1882, Heike Kamerlingli Onnes was 
appointed to the post of senior Professor 
and Director of the Physics Laboratory. Four 
years earlier, Hendrik Antoon Lorentz, who, 
like Kamerlingh Onnes, was born in 1853, 
had been appointed Professor of Theoretical 
Physics. Together with Pieter Zeeman, a 
pupil of Kamerlingh Onnes, and the physio¬ 
logist Willem Einthoven, they formed the 
quarter of Nobel prize winners in the early 
1920s, whose work in the building was to 
eani them world fame. 

As the title of this book suggests, however, 
we are concerned here not with these men 
and their work—^which forms the subject 
of other publications in this series—^buL 


with W.H. Keesom, one of Kamerlingh 
Onnes’ successors. The other was W.J. de 
Haas. Both earned an international reputa¬ 
tion, and both worked in “the ruins”, that 
building from which Kamerlingh Onnes had 
some time previously ousted the other occu¬ 
pants, and which had become the international 
centre for cryogenic research. 

Kamerlingh Onnes’ greatest achievement, 
made on 10th July, 1908, was the liquifying 
of helium. His most important discovery, 
made in 1911 during his experiments with 
liquid helium, was superconductivity—i.e., 
the disappearance of electrical resistance in 
a number of metals at certain very low tem¬ 
peratures Until Ills resignation in 1923, he 
devoted himself to studying the nature and 
characteristics of this pehenomenon, thereby 
discovering that the presence of magnetic 
fields or the passing of powerful currants 
brought about its cessation. 

The nomination of a successor to Kamer¬ 
lingh Onnes posed severe problems. The 
task of controlling both the scienitifio and 
orgamzational aspects of the work of the 
laboratory had become too much for one 
man. It was decided to appoint two men to 
fill the post, and two of Kamerlingh Onnes’ 
former pupils were viewed as candidates. 
One of them was W.H. Keesom, who, as 
the retiring Director’s principal assistant, 
had been concei ned in the preparations which 
led to the liquifying of helium, and who for 
some time subsequently had held a profes¬ 
sorship in physics at the College of Veter- 
mary School in Utrecht. 

Keesom assumed responsibility for the 
liquifying of gases with the aid of which low 
temperatures were obtained—e.g., chloro- 
methane, ethylene, oxygen, nitrogen, hy¬ 
drogen and heUum, in that order, and also 
for research into helium, caloric properties, 
X-rays and thermometry. 

The son of a farmer on the island of Textel, 
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he was a devout and active member of the 
Roman Catholic church. He was a hard 
worker, and combined astuteneSvS with cau¬ 
tion. Although reserved, he possessed a clear 
sense of humour. He taught physics to 
a number of his children: his son, P.H. 
Kcesom, now holds a professorship in the 
United States of America. 

W.H. Keesom made two important dis¬ 
coveries concerning helium. The first was 
that, in contrast to other liquids, it displayed 
no tendency to crystallize at extremely low 
temperatures, but that Ihis tendency was 
present at pressures of 25 atm. and above. His 
experiments involving high pressures not 
only served to produce solidified helium, but 
also to show that it remained in this state 
up to fairly high temperatures under in¬ 
creasing pressure. His most important dis¬ 
covery, however, was undoubtedly that of a 
second liquid phase, helium II, which occurs 
when helium is cooled to below 2.170 Kelvin. 
In this discovery, Keesom was assisted by 
two visiting scientists, Wolfke from Poland, 
and the German Clusuis. Helium II, which 
is also known as superfluid of quantum fluid, 
possesses very remarkable properties. It 
displays very great thermal conductivity 
and can flow through a tube or circulate m a 
vessel Without friction. Once in motion, a 
circular current of helium II does not come 
to rest of its own accord—a phenomenon 
highly reminiscent of electron superconduc¬ 
tivity m metals. Only after the Second World 
War was relatively satisfactory explanation 
found—with the aid of quantum mechanics— 
for the highly remarkable properties of these 
two “quantum fluids.” 


Keesom and his assistants also carried out 
significant research into superconductivity, 
however, in deference to the division of tasks 
between himself and de Haas, he concentraied 
on the caloric properties of super conductors, 
In particular, he studied their specific heat, 
and discovered that normal conversion heat 
was replaced by a sudden rise in temperature 
at the point at which a material ceased to ' 
be superconductive. Together with the 
Swedish physicist Borelius, he embarked on 
a further series of investigations into another, 
caloric properly, viz. the thermoelectricity of 
metals and alloys. 

Among Keesom's many other fields of 
research which are worthy of mention are 
his study of the crystalline structure of various 
solidified gases; his precision measurements 
concerning the behaviour of gases and gaseous 
mixtures, and isotope mixtures; and the appli¬ 
cation of those measurements of the science 
of precision thermometry. Alongside these 
were his efforts to influence the weather by 
scattering substances such as solidified carbon 
dioxide from aircraft. The results which he 
obtained were mediocre, however, methods 
similar to those which he used were later 
employed with success in low-rainfall areas 
of the world and he is regarded as one of the 
pioneers of airtificial rainraakmg. 

Willem Hendrik Keesom, the Dutch scientist 
who discovered superfluidity, died in 1956 
at the age of eighty. 

Courtesy: Radio Netherland and 
National Museum for the History of Science' 
at Leyden. 




4 T the school level science subjects are 
being taught in India as general science 
mostly from the theoretical point of 
view, witlr very little practical work. The 
Kothari Commission made a recommenda¬ 
tion that science in schools should be taught 
as separate disciplines from class V, starting 
with Mathematics, Physics, and Biology, 
and Chemistry to be taken up from class VI. 
This recommendation has been accepted by 


The NCERT Project on 
School Chemistry 


Professor N, V. Subba Rao 

Convenor ; NCERT Study Groups in Chemistry 

Osmania University, Hyderabad 


the Ministry of Education, Government of 
India and in pursuance of this, the National 
Council of Educational Research and 
Training (NCERT) has set up 18 Study 
Groups in different subjects under the stew¬ 
ardship of University Professors to develop 
curriculum and instructional material for 
the school level. 

In Chemistry, five Study Groups were set 
up in September, 1966—one each at Chandi¬ 
garh, Vallabh Vidyanagar, Poona, Madras 
and Hyderabad, with the Convenor’s Group 
at Hyderabad Each of these Study Groups 
consists of University and College teachers 
assisted by a few school teachers with a Uni¬ 
versity Professor as Director. The Directors 
of Study Groups in Chemistry who met in 
October 1966, at Hyderabad, considered 
the then existing syllabus m the schools, the 
method of teaching and its limitations. It was 
generally felt that the teaching of chemistry 
as it is practised at present in schools is not 
satisfactory, as it emphasised mostly on 
memorising facts without doing any expert- 
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irfent. The DirectorsTelt that each lesson, as 
far as possible should start with a students’ 
experiment followed by teacher-demonstra¬ 
tion and only tlren the teacher should ex¬ 
plain the theoretical principles. With this 
end in \iew, it was decided that while pre¬ 
paring the instructional material, a separate 
laboratory manual indicating the experiments 
to be done by the students, a text consisting 
ofbasicpnnciples in Chemistry and a teacher’s 
guide which gives instructions to tlie teacher 
in conducting the course, should be develop¬ 
ed. The details of the leacher-demonslralion 
should be included in the teacher’s guide, so 
tliat the teacher arranges the demonstrations 
and keeps up the interest of the student in the 
theoietical portion related to the demonstra¬ 
tion. 

Curriculum 

After considerable discussion, a draft out¬ 
line of curriculum was prepared for a five- 
year course, which would reflect the attain¬ 
ment of a student in chemistry, leaving high 
school. This live-year course is further 
sub-divided into two levels. The lower 
level covering classes VI and VII and the 
liigher classes VIII to X. The following 
eight topics, treated in an elementary way, 
have been included in the curriculum for 
classes VI and VII; 

1. Chemistry and the material world 

2. Structure of matter 

3. Solutions 

4. Chemical nomenclature and stoichio¬ 
metry 

5. Chemical reactions 

6. Some familiar elements 

7. Metals and alloys 

8. Acids and bases 

Syllabus for class VIU is considered as a link 
between lower and higher levels; the follow¬ 
ing topics are included: 


1. Action of heat on substances 

2. Action of electricity on substances 

3. Structure of atom 

4. Chemical bonding 

5. Stoichiometry 

6. Hydrogen, oxygen and water 

7. Chemical families 

8. Periodic classification 

The materials for class IX and X cover the 
following topics: 

1. Atomic structure 

2. Chemical bonding 

3. Energy changes in chemical reactions 

4. Reaction rates 

5. Chemical equilibrium 

6. Chemistry of :— 

magnesium and calcium, 
aluminium and boron, 
carbon and silicon, 
nitrogen and phosphorus, 
oxygen and sulphur 

7 Manufacture of heavy chemicals—sul¬ 
phuric and nitric acids, sodium 
carbonate and caustic soda. 

8. Fertilizers 

9. Glass, lime, mortar and cement 

10. Acids and bases 

11. Some properties of liquids and solutions 

12. Electrochemical reactions 

13. Chemistry of carbon compounds 

14. Fuel gases 

15. Metallurgy of copper, aluminium and 

iron 

16. Sugar and fermentation industry 

17. Oils—soap, hydrogenated oils; 

paints and varnishes 

18. Natural and synthetic fibres; 

natural and synthetic rubbers 

19. Petroluem refining, coal carbonisation 

(including coal tar distillation) and 
wood distillation 

Some topics on the application of chemistry; 
in industrial processes have been included at , 
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this level as a considerable number of stu¬ 
dents passing the school examination are 
not likely to continue chemistry at the college 
level. 

The materials developed for the lower level 
IS mainly based on the atom-molecular model 
whereas the higher level is developed on the 
electronic structure (electron-ion model). 

Publications 

Books for classes VI and VII have been 
published and the material for class VlII is 
ready for publication in May, 1969. It is 
expected that the school chemistry books of 
classes IX & X will be available by the end 
of December, 1970 

The Study Groups also felt that some 
supplementary reading material should be 
made available to the students to help them 
widen the horizon of their knowledge, and 
appreciate the importance of chemistry 
m daily life The publication of the supple¬ 
mentary reading material on the following 
topics will be undertaken very soon and will 
be made available during 1970. 

1 Synthetic polymers 

2. Proteins 

3. Petrolerun and petrochemicals 

4. Shape and structure of molecules 

5. Food and nutrition 

6. Periodic calssification 

7. Chemicals from sea 

8. Fertilizers 

9. Fuels 

10. Metals and alloys 

Try-outs 

The insti uction material prepared for classes 
VI and VII has been tried in individual units 
in schools at Hyderabad, Madras and Gujarat 
(Vallahh Vidyanagar). Although it was not 
possible to conduct try-outs on the whole 
course, as instruction materials for this level, 
m Mathematics and Physics, are not available. 
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the few trials carried out on the students 
for classes VI and VII have shown that the 
material is well received by them, because of 
the student’s laboratory work and the correla¬ 
tion of theoiy with practical work. 

Laboratory Facilities and Teaching Aids 

While devising the experiments and pre¬ 
paring the laboratory manual, care is taken 
to see that the experiments could be per¬ 
formed on flat desks in a classroom-cum- 
laboratory. It is not necessary to have a 
separate laboiatory for doing this work. 
In a woikshop organized during October, 
1968, kits for student’s work, as well as for 
demonstration by the teacher were developed 
and these aie being further improved so as 
to reduce the cost of each student’s kit for 
classes VI and VII, which works out approxi¬ 
mately to Rs. 20/- and the consumable articles 
about Rs. 5/- per annum The demonstiation 
kits foi teacher-demonstration for class VI 
works out to about Rs. 75/- each and class 
VI, Rs. 100/-. It is necessary to produce 
these kits on a large-scale when the cost will 
be fuither reduced. Further, there is scope 
for improvement of the kits in order to 
economise and make them more effective. 

There are certain concepts which aie 
difficult to demonstrate with experiments. For 
this purpose, it is necessary to have the curri¬ 
culum supported by charts as well as fflm- 
strips. The sketches for the chaiLs were 
prepared, and the fiames for the iilmstnps 
drawn at the workshop have to be finalised in 
the next few months so that the large-scale 
production of charts and filmstrips can be 
undertaken as teaching aids to the insti uction 
mateiials developed for classes VI and VII. 

Orientation of Teachers 

Smee 1963, Summer Institutes for School 
Teachers have been conducted with a view ot 
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orient Ita teachers to te «ceot trend, in 
Chemical Education. During the penoh 

W3-68.61 Institutes in chemistry were h(Jd 

1 o,e; the country, covering over 2,200 
teachers. During 1969 it is propose 
nize 18 institutes in chemistry for teacher, 

f,„™ secondary schoolsIPUC colleges. 

So far, the Summer Institutes for School 

teachers in chemistry have been followng the 

CHEM-STUDY programme. I wasJel y 

(lie htCSE Chemistry Panel that during 19 

a modified course based on the ctaiouta 

developed by the HCERT Study Groups 
may he tried at tlie Summer Institutes to be 
conducted at Hyderabad and Madras. A 
tentative programme of lectures and experi¬ 
mental work based on this eurrieiilum was 

drafted for adoption at these summer tnsti- 

lutes. Atthe recent Orientation Conference 
tor the new Summer Institutes, held in 
January 1969 at Hyderabad, the Dicectois ol 

Summer Institutes at Agra. Amravali and 

Jabalpur, have also agreed to follow this new 
course as a transition to the final adoption o 


the curriculum and material developsd 
by the NCERT Chemistry Stiidy Groups in 
]971. At the Summer lustitiites of 1969, 
about two hundred teachers, v/ill, therefore, 
be involved in this new programme, 

Evaluation 

One should realise that even with all these 
new instructional materials, developed, it wll 
not be possible to have tire real impact on the 
students, unless the mode of examinations is 
changed. The questions devised should be 
such as to develop the initiative and thinking 

in the students and should not be merely tests 
ofmemorisaliomBothinlhetextand teachers 

guide, questions have been framed and it is 
hoped tliat at the Summer Institutes, the 
teacher-participants Ihemselves will develop 

material tor tots to be conducted at the end 

of the course. . , c, 

This new venture undertaken by the Staly 
Groups with the assistance and active support 
of the NCERT is bound to make a big impact 
on the future teaching of Science m our 

schools. 




Pulsars 

Tony Osman 

TT was Dr. Antony Hewish’s group at the 
■*- Mullard Radio Astronomy Laboratory, 
Cambridge, who decided that it would help 
m understanding the quasars if they were 
sure of their exact sizes. They knew they 
could find this out by studying the j“radio- 


Almost as fast as radioastrommy increases our 
understaiidins of the universe, tt has discovered new 
mysteries of Us own. Quasars—those ino ediblypower¬ 
ful radio sources at great distances fiom the Eaith, 
are one Some guasais also emit light—so much light 
that no known physical process can explain it. One of 
the recent attempts to find out mote about quasars has, 
instead of explaining them, discovered yet another mys¬ 
terious group of objects and pi esented a new problem, 
the 'ticking' radio stars calledpulsais So puzzling are 
these that there was a short pei iod when the scien¬ 
tists studying them thought they might be getting some 
soit of message from intelligent creatines in outer 
space 


twinkling” of the quasars. Radio stars, as 
seen on a radio telescope, twinkle m the same 
way as do ordinary stars, except that tire 
effect is caused by uneven concentrations of 
charged particles in space, rather than un¬ 
evenness ill the air; the smaller the radio star, 
the more pronounced is the twinkling. The 
astronomeis needed a special kind of radio 
telescope to look for the effect, so they had 
one bruit. It consisted of 2000 simple aerials 
connected to a receiver and it filled a four 
and half acre field As it cost only £1000 it 
may well he the cheapest scientific instru¬ 
ment to make a major discovery m recent 
years. The connections could be altered 
so that the telescope “looked” at a seris 
of different patches of the sky. As the 
Earth’s rotation carried it louiid, it covered 
the entire sky, in strips, once a week. 

This work started in the middle of 1967 
and four hundred feet of paper recording the 
radio waves from space poured out each week. 
By a fortunate chance, all this paper was, 
looked through by a student, Miss Jocelyn 
Bell, who noticed something odd—a twinkl¬ 
ing that occurred in the m iddle of the night. 
In theory, radio-twihkhng should he at its 
maximum during the day. If the experi- 
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merit had been controlled by a computer, it 
would have ignored this unexpected result, 
because computers can, after all, look out 
only for what they are told to. One of the 
experimenters has said that discovering this 
unexpected twinkling was due to luck, in not 
using a computer; in truth, it was due to 
careful experimenting and obsrvation. 

Radio telescopes pick up a lot of inter¬ 
ference, so the astronomers did not imme¬ 
diately take much notice of the new twinkle. 
However, it turned up half a dozen times in 
the same month at roughly the same place 
in the sky, so they decided to investigate 
flurther. Then the signals disappeared. Two 
months later, they reappeared. When they 
were careMly examined, they wore found to 
be a regular succession of pulses, with a 
little more than a second between each. 
There was no possible explanation and noth¬ 
ing like it had ever been recorded before. 
The scientists cautiously decided to find out 
more before publishing their results. 

They discovered that the source of the 
radio pulses was extremely small for a star— 
it could not be larger than half the size of 
the Earth—and that it was in our galaxy, 
a relatively near neighbour. It was at about 
this time that the astronomers seriously 
wondered if they were getting messages from 
outer space. Then they found some other 
pulsars five more at first. Another was re¬ 
ported by a Harvard group, followed by 
others found by a group in Sydney, Aus¬ 
tralia, Now the number of known pulsars 
is up to twenty, and will presumably rise 
because it is relatively easy to find something 
once you know what you are looking for. 
For a while, every issue of the scientific 
journal Nature seemed to contain something 
about pulsars—^five per cent of everything 
printed in the journal in 1968 was on this 
topic. 


The" famous steerable-dish radio telescope 
at Jodrell Bank is not very useful for making 
surveys of the sky, but it is excellent for 
stydying a radio star carefully once it has 
been found. The astronomers there looked 
at the first Cambridge pulsar and confirmed 
that the Intensity was extremely variable. 
This is why the star had ‘disappeared’ For 
weeks at a time. Any particular part of 
the sky had been looked at for only four 
minutes In the original search, and if this 
period had coincided with a time when the 
star was faint, it was missed. The Jodrell 
Bank group also found that each regular 
radio beat had a fine structure of irregular 
beats within it. This added a further comp¬ 
lexity for the Lheoroticians to explain, if they 
could. 

But pulsars remain a mystery The only 
known stars of the right size are the white 
dwarfs. These are extremely bright, but 
very diflicuU to see from Earth, because they 
are so small—about the size of the Earth 
or even less—‘and so distant. No pulsar has 
been found in the same position as any known 
white dwarf, but this is not an important 
objection, as ii is thought that most of them 
are too small to have been, mapped. 

A white dwarf is a star that is near the 
end of Its life. The size of a star is the 
lesult of a balance between the expansion 
caused by the energy of the star’s 
“burning” and the contraction caused 
by gravity and as the star uses up fuel, the 
gravitational forces will diminish and th(i 
star expands. As it gets larger, it becomes 
less bright, and is called a red giant. Then, 
as the fuel stalls to be useless for the fusion 
processes that heat a star, it collapses and , 
becomes tiny, a white dwarf, glowing brightly 
because of the gravitational energy set free • 
by the collapse. The trouble is that there if: 
no known mechanism by which a white dwars 
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could pulsate. Physicists have argued that 
it miahl ouiver like a jelly—^white dwarfs 
are liquid, but then they worked out that if 
it did qiiivei, it would become so unstable 
that it would collapse completely. Another 
possibility was that it was rotating, so that 
some ladio source on it came round at in¬ 
tervals. Again, calculations ruled the theory 
out. If a dwarf star rotated quickly enough 
to give a flash every second or so, it would 
fall apart. 

The next theory was that a pulsar was 
a neutron star. No neutron stars have ever 
been observed and it is not certain that they 
exist, but physicists have suggested that all 
stars must, m the end, decay to neutron stars. 
The theory is that, as the “burning” dies down 
and tire white dwaif cools, the star will col¬ 
lapse further. Gravitational forces will be 
so powerful that they foice the negatively 
charged electrons in the star’s atoms to 
combine with the positively charged protons 
in the atomic nucleus cancelling each other 
out. The star will then contain only 
neutrons, with no charge and it will be liny 
—only about ten miles across—^because the 
nucleus of an atom occupies very little space 
indeed. Its mass, of course, will hardly have 
been changed. 

There is still a problem. How does a 
neutron star, if one exists, give off radio 
pulses? The current theory is that the neu¬ 
tron star, spin very rapidly. They are cer¬ 
tainly dense enough to do so without falling 
apart. If they exist, the theory runs, they 
may be magnetised and have a charged at¬ 
mosphere and the lotation may cause parts 
of the atomosphere, dragged round by the 
magnetism, to spin away so fast that they 
set up radio signals. 

The latest results agree with this rather 
length yassemblage of theories, although they 
certainly do not confirm them. A pulsar 


has been discovered in the Crab Nebula. 
This is a shining cloud among the stars and 
is all that is left of a brilliant explosion, the 
formation of a suprernova, that was actually 
recorded by astronomers in A.D. 1054. The 
theoiy is that the formation of a supernova 
will leave a neutron star behind. Further¬ 
more, a star formed as recently as a thousand 
year ago is likely to be spinning very quickly 
and the pulsar in the Crab Nebula is actually 
pusating once every tliirtielh of as econd 
It is the fastest-beating pulsar known. 

The theory got some more encouiageinent 
towards the end of 1968, when it was found 
that this pulsar, at least, was not beating 
steadily but slowing down It was slowing 
down at the rate of only one beat in 2000 
over a period of one year; so that it needed 
very accurate observations to detect the 
slowing at all A spinning star will slow 
down, so this lesults suggested spinning. 
Then, almost immediately, the Cambridge 
group discovered that their pulsars were 
slowing but this time by only one beat or so 
in ten million over the same period. As 
these stars must be older than the Ciab Nebula 
supernova, the fact that they are spuming 
more slowly and slowing down less markedly, 
agrees with the suggestion that they are all 
spinning stars. The only stars that astro¬ 
nomers have thought of that could hold to¬ 
gether if spinning rapidly are neutron stars, 
so these are now favourites as a way of ex¬ 
plaining pulsars. 

There is, however, no confirmation and 
the observations have recently added compli¬ 
cations The Australian group has noticed 
that many of the pulsars are grouped in 
pairs, near, but not on, the spiral arms of our 
galaxy, which the theory of neutron stars 
does not predict, And the astronomers at 
Jodrell Bank have discovered that there is 
a slow change in the beats of pulsars that 
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might he explained by a leisurely planetary 
motion; but they could think of nothing to 
explain the planetary motion. The dis¬ 
coveries about pulsars may come more slowly 
in the next few years than they have In the 
year and a half since the first one was found, 
but it will be a long while before every tiring 
about them is satisfactorily explained. 

Fiom SPECTRUM, 59, April, 

Humans With Identical Genes 

The genetically identical fiogs produced 
at Oxford University from the nuclei of 
fully dilTcrentiatcd intestine cells may be the 
first products of a new technique which bio¬ 
logy and medicine could conceivably extend 
to man. If the nuclear transplant leclmique 
used by Dr. J.B. Gurdon and his colleagues 
at the Department of Zoology can be ex¬ 
tended to mammals, then biology would 
be able to do such economically important 
tilings that it would be difficult to resist using 
it on a large scale. It would be possible to 
obtain an exact copy of any mammal at 
will—as many copies as required. This 
would be, no doubt, a great boon to those 
concerned with high quality animals. But 
the technique, once developed, might then 
be extended to humans, so that medical 
science would be able to duplicate anyone 
whose genetic qualities were considered 
desirable. 

However, this possibility is not the aim or 
interest of the Oxford team. Their research, 
partly supported by the Medical Research 
Council, is concerned with how gene acti¬ 
vity IS regulated, a knowledge of which is 
fundamental in biology and medicine. The 
genetically identical frogs produced m their 
laboratories are simply a tool in this research. 

FromSPECrRUM: S0,'I968 


Frogs arc used because their eggs are 
large and easy to manipulate, but there is no 
bio'ogical rca.son to prevent the technique 
being used on mammals. 

The Oxford scientists are not concerned 
hero in overcoming the technical difhciilties, 
but to understand how genes are switched 
on and off by the cytoplasm of cells. It has 
been thought for a long time that all an 
individual’s genetic information, is contained 
in every cell, no matter how specialised that 
cell may be, and that genes are not lost in 
the processes of cell differentation. To prove 
this, it is necessary to produce normal adult 
individuals from fully differentiated cells. 

Eggs implanted with nuclei, from fully 
differentiated cells sometimes develop into 
complete adult frogs, hut eggs which receive 
nuclei from endoderm cells (cells not yet 
fully differentiated which will lead to intes¬ 
tine cells) will grow inlo complele individuals 
much more frequently, 

Developing embroys, where the initial 
fertilised egg gives rise to many different kinds 
of cells, of course provide ideal material for 
the study of gene activity. If every cell in 
the embryo has identical sets of genes, then 
gene activity must be suppressed or promoted 
in some way for cell differentiation to occur.' 

Embryologists concluded many years ago 
that regional differences inthe cytoplasm of 
embryonic cells must exercise some control 
over the gene activity which leads to diffe¬ 
rentiation. And Dr. Gurdon and his col¬ 
leagues, by transplanting the nucleus of ope* 
cell to the cytoplasm of another, have con? 
firmed this conclusion. 

For the Oxford experiments the Souflf 
African Clawed frog, Xenopus laevis, ik 
mostly used. A layer of cells (such as Idf 
testinal epithelium or endoderm cells) 
taken from a piece of tadpole tissue ai^l^ 
placed m a sahne solution without calciiipk 
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ions but containing a substance called versene. 
The verscne removes the calcium ions needed 
for cells to stick together m tissues, the cells 
then separate after about twenty minutes and 
can be kept for a few hours while waiting 
nuclear transplantation 

Unfertilised eggs of the frog are then 
prepared to receive the tiansplants by killing 
their nuclei with ultraviolet radiation. The 
actual transplantation consists of sucking 
up a dissociated cell into a micropipette. 
This action breaks the celt membiane and 
much of the cytoplasm is lost, but a tiny 
amount remains. This is essential, because 
cell nuclei are irreparably demaged if ex¬ 
posed to any other environment than cell 
cytoplasm. The donor nucleus is then in¬ 
jected into the recipient egg. 

By injecting donor cytoplasm into re¬ 
cipient eggs, it has been proved that the small 
amount which goes into the recipient egg 
with the transplanted nucleus has no effect 
on the subsequent activity of genes 

Only a very small proportion of nuclear 
transplants from endoderm and fully diffe¬ 
rentiated intestine cells have actually given 
rise to fertile adult frogs, but 70 per cent of 
the transplants from the intestine cells of 
Xertopiis laevis will support the development 
of normal muscle and nerve cells. The fact 
that fertile male and female frogs have grown 
from nuclear transplants shows, at least in 
some nuclei, that the genetic information is 
not altered or particulally lost during the 
processes of cell differentiation Such a 
nucleus has been made to function by its 
host egg cytoplasm as if it were a normal 
fertilised nucleus. 

Dr. Gurdoii believes the nucleus from 
any type of differentiated cell coidd be used 
to initiate the growth of genetically identical 
organisms, but those cells, such as nerve 
cells, muscle cells and so on, which in the 


complete organism do not divide for the 
purposes of growth and repair, do not usually 
or easily support normal development. 
The research with nerve cell nuclei on the one 
hand and intestine and endoderm cell 
nuclei on the other indicates this. 

The cells, which in the adult animal do 
not divide, do not need, of ouise, to copy 
their genetic information; therefore they 
do not synthesize DNA in which this in¬ 
formation is “written”. But the cytoplasm 
of a fertilised egg, or that of cells which do 
divide, can turn on the synthesis of DNA 
again. Nuclei, for instance from brain and 
blood cells of adult frogs, when transplanted to 
fertilised eggs, will begin to synthesize DNA 
within an hour. 

Nerve cells are used as nuclear transplants 
and they quickly switch on the synthesis of 
DNA, which is one of the things the team 
are studying. 

Dr. Gurdon and his colleagues are now 
attempting to isolate components of cytoplasm 
—^plasm which control genes and to under¬ 
stand how this control takes place. “Know¬ 
ledge of the ways by which the activity of genes 
may be controlled," said Dr. Gurdon, “will 
be very important medically.” But besides 
being of medical value, such control could 
have an even greater impact on society than 
the capability to produce numbers of geneti¬ 
cally identical human beings. Not that this 
capability to duplicate organisms is unde¬ 
sirable in itself. The more control we have 
over living processes, the better. But it 
seeraes obvious, even at this stage, that the 
ways in which the more startling capabilities 
of the biological revolution are going to be 
applied will involve decision.s of an import 
greater than mankind has ever faced before. 

Edward Ashpole 
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Sound and Pictures in a 
Single TV Signal 

I ONDON, November 18 “Television 
pictures and their sound tracks can 
now be transmitted as a single signal as 
a result of a new combining technique deve¬ 
loped by the British Broadcasting Corpora¬ 
tion. 

Demonstrated in London lecently, the 
new sound-in-vision technique claims to 
reduce transmission circuit requirements, 
achieve better quality sound reproduction, 
and give a better signal-to-noise ratio which 
is not affected by the distance to be covered. 

It is equally suitable for transmission by 
land line, microwave link or satellite. 

By exploiting pulse code modulation 
(PCM) — the latest technique for increasing 
the number of telecommunication channels 
carried on one circuit — BBC engineers have 
managed to squeeze the sound into the 
space between two of the 625 lines that make 
up the television picture. It is the first time 
that music has been transmitted by PCM. 

The new system has already been success¬ 
fully tested over the BBC’ colour vision line 
between London and Scotland—a distance 
of nearly 400 miles. In service, the technique 
IS expected to save the Corporation up to 
£75,000 a year m circuit rental ume. 


4 Vast Untapped Source of 
Wealth 

R. W. Tindalu 

The exploits of American and Soviet 
astronauts have kept millions round the world 
enthralled. 

So far, however, the public imagination 


has not been captured to nearly the same 
extent by exploration of the vast unknown 
tracts here on earth—the sea and its bed, 
which covers four-fifths of the planet. 

When the first astronauts return from 
the moon they are unlikely to announce a 
find of any commercial value. 

Yet the sea holds resources of wealth 
which are yel barely lapped, despite the 
growth in size and sophistication of fishing 
fleets aqd the now familiar off-shore rigs 
and platforms exploiting the reserves of oil 
and natural gas burled in the sea-bed, 

Some idea of the impact of the sea on our 
daily lives and the wealth it might one day 
be made to yield is given in a lepott just 
published in London. 

Weather Forecasting 

For example, large-scale movements of 
water masses with differing temperatures and 
salinities lead to the transfer of heat from 
one part of the ocean to another and so 
affect the weather through reaction with 
the air above. “It seems probable that the 
key to an improvement in our ability to 
forecast the weather may lie in a closer^ 
understanding of these air-sea interactions," 
says the report. 

“The movement of sea water^ also affects 
the supply of inorganic nutrients essential 
for plankton growth and may in consequence 
be crucial in determining the basic producti-, 
vily of fish stocks ” 

in addition to their salt content, the 
seas of the world also contain many tare 
elements, some of which are of potential 
economic value, so research into the chemistry 
of the ocean may also lead to direct benefit 
for mankind. 

The report itself comes from a workini 
party set up by the British Government ^ 
carry out an inventory of research into G® 



SCIENCE NOTES 


147 


vernment-backed marine science and tech¬ 
nology and to suggest ways by which it mighl 
be better co-ofdinated and improved. 

Farming Fish 

The British Government, which n spend¬ 
ing something like £ 13,500,000 s ear on 
this reseaich, has accepted the grow 's lepoit 
and says that its proposals for fui iTer spend¬ 
ing will be considered in relatio ■ to other 
public needs 

But, pel haps, the report’s main interest 
lies not so much in its lecommendations as 
in the glimpse it has given of the many lines 
of research which aie being pursued m 
Britain, at least 

The sea’s most readib accessible commo¬ 
dity is, of course, its fi but scientists are 
now far advanced in 're art of rearing and 
fatlenmg fish and shellfish m controlled 
areas—such as ca-i often be provided by us¬ 
ing the heated 'ner released by coastal 
power stations—oO mat they can be “farmed” 
when ready, rather like any land crop. 

The wai nth emitted by power stations on 
the coast could also be used to cultivate 
species of high commercial value, such as 
clams, r.rawns and oysters, and the working 
party loresees export possibilities for Biitain 
in the additional production of fish in these 
ways 

Hiding the Lobster 

The fish and shellfish now caught rep¬ 
resent only a small fraction of the biological 
resources of the oceans and here again it may 
be possible for man to modify the natural 
environment, so that the populations of 
desired species of fish increase rapidly. 

Reducing the number of predators and 
increasing the food supply for the fish are 
possibilities being explored in several count¬ 
ries. The report even mentions the idea of 


introducing into the sea ai tificial hiding 
places for lobsters. 

Any increase in natural cover will have 
some effect on the number of lobsters m an 
area. What the scientists are now trying 
to find out IS which kind of hiding place 
Ihe lobster prefers! 

The North Sea is now the field foi inten¬ 
sive exploration for oil and natural gas, with 
many rich stukes already made 

But Britain has a share of the Conti¬ 
nental Shelf—the gradual sloping aiea of 
the sea-bed around the coastline—which 
IS something like four limes the size of her 
island landmass, and the report points out 
that promising sedimentary deposits are known 
to occur elsewhere; m the Irish Sea, the 
western approaches to the English Channel 
and north-west of the Outer Hebnde.s, foi 
example. 

The repoil emphasises the need for a 
geological and geophysical survey of the 
whole of the United Kingdom Continental 
Shelf so that any important mineral resource,s 
do not escape undetected. 

Sand and Gravel 

For Britain, second in importance only 
to North Sea gas are the deposits of sand 
and gravel around her shores Some 7,000,00 
tons a year are now abstracted from coastal 
deposits—about 20 per cent of total pro¬ 
duction—^bnt with demand rising and land 
increasing in price, the sea as a source of 
this vital building material is likely to be¬ 
come more and moie important. 

But finding the best and most economical 
methods of exploiting the deposits is only 
part of the story. Foi (he scientists it 
means research into other aspects of the 
problem. 

What does the removal of large quantities 
of sand and gravel mean when it comes to 
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preventing the erosion of the coast? How 
does it affect the shallow water fisheries and 
the nursery grounds for flat fish as it changes 
the topography of the sea bottom? 

It is questions like these that scientists 
in a variety of disciplines arc trying to answer. 
The report gives a comprehensive picture 
of men at work—on fisheries, mineral re¬ 
sources, coastal protection, the dangers of 
pollution from oil and industrial waste, 

The sea is still full of mystery. And the 
search for answers may prove just as exciting 
as the quest in space, 


Sound Waves can Help Heal 
Wounds 


\ TEAM of British biologists and physicists 
^ have found that sound waves can help 
recovery from injury. 


They have increased the rate of healing 
of a wound by treating the knitting tissue 
with pulses of low-energy ultrasonic sound, 
An experimental wound was made in a 
rabbit’s ear and an area of tissue one centi¬ 
metre across removed. The wound was 
then treated with pulses of ultra sound over 
15-minute periods three times a week, The 


new tissue repairing the damage grew for 
faster ihun lluU in untreated wounds, 

The reason for the speed-up in healing is 
not yet known. The two well-known physh 
cal elfccls of uUnisniiic sound—the produc¬ 
tion of heal and cavitation, or the formation 
of bubbles—arc certainly not involved, 
What may be going on is what the scientists 
call ".streaming". The sound may be speed¬ 
ing up the processes inside the cells, including 
the "Iransporl" of materials for building new 
ones. Later research goes some way to 
confirming this. 

Ullrasonic sound is already used m medi¬ 
cine, mostly to provide a picture of internal 
organs. Different kinds of tissues absorb 
and reflect sounds in dilTerenl amounts. The 
resulting echoes can be shown on film or a 
television-type .screen, to build up a picture 
to delect, for example, pregnancy. Tf ultra¬ 
sonic sound also has healing possibilities 
it may prove an important medical tool- 
for it can bo localised, it is painless, and 
there arc no side-effects. 

The research work, by a team in the 
anatomy department at Guy’s Hospital, 
London, forms part of an exhibit on ultra¬ 
sonics at the Physics Exhibition in London 
(March 10 to 13). 

Courtesy: British Inforraalion Scivicc 




Science and Science Teaching 
Project: NCERT/UNESCO 

Several States of India are showing inte¬ 
rest in the materials prepared by this Depart¬ 
ment for the middle school. The Depart¬ 
ment participated in several activities like 
Summer Institutes, seminars and working 
groups organised by Departments of Educa¬ 
tion m the States. 

I. Gujarat 

The revised syllabus of the Gujarat 
State was discussed at a meeting arranged by 
the State Department of Education. The 
discussion was with a view to bringing the 
syllabus in line with the middle school syllabus 
of science developed by the NCERT. The 
State Directorate has agreed to try out the 
first year’s material at three centres m elected 
schools under the guidance of Extension 


Sciwice Centies of the Colleges of Educa¬ 
tion at Baioda, Ahmedabad and Porbandur. 
The M.B. College of Education, Anand has 
translated the second year’s text materials 
also into Gujaiati and they aie trying out 
these in 12 schools In continuation of then- 
last year’s work 

2. Summer Institute for Science Teachers, 
Manipur State 

The Summer Institute for 42 participants 
was organised by the Manipur Education 
Directorate fiom May 6—31 oi training the 
science teacheis m the curricular materials 
developed by the NCERT Subject specia¬ 
lists from the Department, Shri N.K. Saiiyal 
(Chemistiy), Shri S Doraiswanii and Shri 
G. Rajii (Biology) and Shri K.J. Khurana 
(Physics) acted as resource personnel for this 
course. They were all assisted by Shri D.N 
Aggaiwal, Shn R.S. Kashyap and Shree 
Patnaik from the Regional College of End- 
cation, Bhubaneshwar. Besides these spe¬ 
cialists, three lectuiers from the local D.M. 
College were also involved so that they could 
become the key personnel for any future 
training programme of the State. Shn 
Yaima Singh of the Directorate of Education, 
Manipur, acted as the Diiector of the Summer 
Institute. The participants weie given an 
over-all view of the content materials of the 
whole middle stage and a detailed content 
analysis of the first year’s materials in each 
subject. They all did the necessary demons¬ 
tration and classroom activities under the 
supervision of the resource persons. The 
translations of the textbooks in Manipuri 
language was initiated and it is hoped that 
with the help of local resource personnel the 
translation would be completed and the 
textbooks printed in time so that they could 
be tried m schools from next school year. A 
full set of physics and chemistry kits used in 
the Summer Institute were left behind to 
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be used ns pioltUspcs hy the loeil niivei'i- 
ralc in oidci lo ninke enisics itf the -.nnu" Iim 
use in their schuol. 

3. Summer Inslidile fnr Method Masters 
of Training .Schools 

The Ramnkijshna Vidvalayn Te.ichers 
College. Coimbatore orgam/ed .i oiie-ntonili 
Stimmei Institute for the Mclliods Mastei% 
of Training Schools lo oiicnl them with the 
approach and coutciil of the new curricular 
materjals dc\ doped by the MCI RT. Befoie 
the start of the Summer Insutute three mem¬ 
bers of the slafl' of Ramakrishn.i Vidyalaya 
TcachciTs College wcic oiiciUcd in the De¬ 
partment of Science Fducatioii for a period 
of 4 (lays at Dcllii. 

Subsequently, subject specialists of the 
Dcpaitmcnl—Shri K.S. Bhandan and Shri 
Chotlan Singh participated in llic training 
progianimc which was held from the 12ili 
of May to 13lh of Juno. Two Uncsco 
Experts Di. A.A. Tainarin and Dr. Y.l. 
Naumov also participated in the Summer 
Institute. One set of kits and equipment 
developed in the Central Science Workshop 
was displayed and the use of them was ex¬ 
plained by the subject specialists. It is hoped 
that the Institute will be able lo duplicate 
the kits and make use of them in thcii future 
training programmes. 

4. Summer Institute for Biology Teachers 

A Summer Institute for Central School 
biology teacheis was organized by the Regio¬ 
nal College of Education, Ajmer, in May 
1969 at which the curricular materials deve¬ 
loped by the Department of Science Edu¬ 
cation for the middle schools were used. 
The resource personnel of the Regional 
College of Education, Ajmer earhei came 
to this Department for a period of foiu 
days foi briefing and orientation. At the 
institute the biology teachers were made 


fuimlicir with the text materials and they 
WCIC iii.idc 111 pcifiiim all ihc demonslratioii 
ixiHTmirni. and chissiooni activities. 

5. Dr. M.C. Pant \isitcd Bombay and 
dl^cu'■^ell with the I'diicaiion Olhccr, Bombay 
('iirporalnm. the feasibility of introducing 
the ptojccl iTiatenuls in the corporation 
si-hoitls It was iigrcetl that the Corpora- 
lion \sinild organi/'C summer course for 
training teachers for which the lesoiirce 
pcisi’inicl would he oiieiited by this Depart¬ 
ment ai Delhi A team of 2 participants 
attended the onciuiuion setmiuvr held in this 
Department in .Iiine 1969. 

CJcncral Science Project: NCERT/UNICEF 
Project 

All expelimental edition of “Science is 
doing"—a draft textbook for class III was 
brought out in April and the corresponding 
practical manual and kit guide for class 111 
was also printed in April. Tlie purpose of 
these publicatioii.s was to try them out in a 
typical classroom situation, lost the language 
level, .suitability of the activities and also to 
lusc them in the summer orientation course 
of participants from the State Institutes of 
Education. Earlier the textbook was tried 
out with the children of three English me¬ 
dium schools in the first fortnight of May. 
The feed back obtained is being used in 
finalizing the text. 

Summer Orientation Course 

Under the UNICEF assisted pioject, a 
foul-week summer orientation course for 
reprc.scntativcs of the State Institutes for 
Ediication/State Institutes of Science Educa¬ 
tion was organized in the Department from 
June 2—28, 1969. The objeetive of this 
course was to tram the key personnel at this 
institute for initiating the Unesco/'UtUcef 
programme m their states. This couise was 
attended by 17 participants fiom the states 
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of Maharashtia, Keiala, Gujaratj Madias, 
Bihar, Rajasthan, Panjab, Uttar Pradesh, 
Madhya Piadesh, Assam and Bombay 
Municipal Coiporation, The tiainecs were 
exposed to the Science Education progiamnies 
in India and abioad and also to a detailed 
analysis of curnculuin mateiials developed 
for the primal y stage by the NCERT Dr 
B D. Attrcya of the Department was incharge 
of the programme and he was assisted by 
Miss. S. Mazuradai and Shn H L Shaima 
Ml A.W. Tome, Unesco-Uniccf Consultant, 
Pi of Robeit Stollbcrg and Dr. James DeRose 
from the TSISF acted as whole time resource 
peisons Fiom the Department, other 
sub|ect specialists like Di. M C. Pant, Shn 
N.K. Sanyal, Shu S Doiaiswami and Shn 
Rajendra Prasad and Shu KJ Kluirana 
participated m theinespcctive spheies m the 
piogrammc The cotiisc was maugiiiated 
byDi Elude oftheKational Physical Labora¬ 
tory, Delhi, who laid emphasis on the lole of 
the process of science in science learning. 
The following special lectures wcic delivered 
by the lespective persons' 

1. Objectives of the Gcneial Science, 

—Shn N K. Sanyal 

2. The Woild Seen in Elementary Science 

Education —Mi. A.W Tome 

3. Elementaiy Science Education in India 
—present jrosition. 

—Mr. V.N Wanchoo 

4. Elementary Science in India, "NCERT 

Progiamme —Di. B.D. Attreya 

5 Elementary Science in U S.A 
—^Dr. R. Stolberg and Di. DeRose. 

6. Elementaiy Education in U.K. 

—^A.W. Tome 

7. Elementary Education in England 

—A.W. Tome 

8. Elem ntary Science Education in USSR 

—Dr. V.M. Galiishm 

9 Learning in Children 

—Dr. (Mrs) Muiiidharan 


10. New Trends m Elementaiy Science 
—Di. Willai d Jackobson 

Besides these lectures, there weie also other 
experts who came and spoke to the parti¬ 
cipants. Among them may be mentioned 
Di. (Mis) Mailoiie-Gardnei of the Earth 
Science Cuu iculum Pioject; Di E. Butkman 
of the Intcimediate Science Cuu iculum 
Study 

The tiainees did all the practical woik re¬ 
lating to elementaiy science and prepared 
improvised models and dcmonstiatioii equip¬ 
ment using the tools in the classroom They 
also developed an outline of tiaining pro¬ 
giamme for two months for science methods 
masters of teachei training schools. All the 
publications relating to science in geneial and 
the project m particular wore distributed to the 
trainees. 

Dr Mciners and his associates fiom NSF 
and NCSE demonstiated their mobile laboia- 
toiy at the Department. The valedictory 
address was given by Dr P D. Shukla of 
the Ministry of Education and Youth 
Services. 

National Science Talent Search Scheme 

The examination foi the National Science 
Talent Search Scheme foi this yeai was held 
on the 5th Janiiaiy, 1969. As a lesult of the 
evaluation of the sciipts, 1100 candidates 
weie called for interview at live centres 
namely, Chandigaih, Delhi, Calcutta, Banga- 
loie and Bombay. The interviews weie held 
ni the month of May and out of these selec¬ 
tions were made in the last week of June. 
The nuinbei of scholais selected this year is 
349, and 10 moie weie selected for higher 
studies in mathematics. ShuN Padmanabhan 
of M.E.A. Highei Secondary School, Lodi 
Estate came first among the successful candi¬ 
dates and Km. Ranjana Paul of Queen Mary 
Higher Secondary School, Tees Elazarr was 



152 


SCHOOL scirKcr Jin^r 1969 


ihe first among the girl canditlaies and sixth 
in order of merit, A list of scholars(hip 
winners is published elsewherein this journal. 

Seventeen Summer Schools were held in 
different university centres at which 700 
science talent scholarship holders were 
engaged in summer courses involving practi- 
cal and research projects under the guidance 
of university professors and teachers. All 
these seventeen institutes were for tlic scholars 
aithe undergraduate level. The postgraduate 
scholars were attached to important National 
Laboratories, Defence laboratories and 
similar institutions in order to be enriched 
by guidance in research programmc.s from 
active research workers in the field. 

Study Groups 

Chemistry: The manuscript for class Vlll 
has been discussed and now finalised and is 
being prepared for the press. 

Biology: The Biology Study Groups met 
at Chandigarh for iO days in April and dis¬ 
cussed the draft of the text material for classes 
VIII, IX and X. The materials are now being 
revised on the lines suggested by this con¬ 
ference. 

Physics: The Physics Study Groups decided 
to have two variants of text materials. One 
variant would be developed jointly by Delhi, 
Calcutta and Dehradun groups and the 
others would be prepared by the Jaipur group. 
The textbook for class V first version has 
been sent to the press. 

Mctthentatics: Handbook for teachers for 
classes I to V is m the press. The geometry 
textbook for the first year of the middle 
school is under print at Bangalore. The 
manuscripts for the other two textbooks are 
ready for printing. The teachers guides for the 
first part of geometry is under print at Cal¬ 
cutta. The teachers guides for the rem ainin g 
two parts were discussed and finalised m a 
meeting at Bangaloie from 16th to 30st June, 


1969, Arithmetic-Algebra textbooks for the 
middle stage have been completed and eydo- 
slylcd and the same are now being reviewed 
before sending them to the press. 

Supplementary Rcader-s 

Three more manuscripts have been sent iw 
printing. 

1. Birds and bird watching. 

2. Rocks unfold the past. 

3. Story ofTransport. 

The book, “Discovery of Oceans” is uneet 
print. 

Assistance to other ,'kgcndes 

The Education officers of the T.V. unit met 
the Head of the Department and subjeol 
.specialists of the Science Department in 
planning a programme of television lessons 
for the training of science teachers of Delhi, 
schools. 

Visitors 

The Following distinguished persons from 
different parts of the world visited the de¬ 
partment and had occasion to go through 
the work of the department as well as the 
materials prepared here. Some of these' 
visitors were presented with selected publica¬ 
tion of the department. 

1. Mr. F.A. Durozinmi—Etti, Permanent 
Secretary for Education, Govt. pE/ 
Nigeria, Lagos. 

2. Prof. M.G. Bhide, National PhysM 
Laboratories, 

3. Participants of National Integraflo® 
Workshop organised by Deptt- , of 
Field Services. 

4. American Peace Corps VolunteSSJ 

for Bihar. > ' 

5. Mr. Eteki Mbourous—^President of 
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Geneial Conference of Unesco. 

6 Mr Cook, Dr. King and Mr. Paul O’ 
Connor fiomNalional Science Founda¬ 
tion. 

7. Dr. Wilson and Mr. Moore, Nuffield 
Project. 

8. Mr. David Bates, Nuffield Pioject, 
London. 

9. A delegation from Burma composed of 
Di. Nyi Nyi, Secretary Ministry of 


Education, Dr. Sam Mymt, Director, 
Institute of Education; Mr. Thaung 
Tut, Assistant Dllector of Education; 
and Mr. U. Mya Nyou, Director, 
Institute of Animal Husbandry and 
Veterinary Sciences. 

10. Dr Wilson of British Council, Delhi and 
Mr. Chessman of CREDO, London. 

11. Prof. Arthui Capmpbell, Dr. Lippiu 
Cott and Di. King from U S.A 


drama in schools 

by 

Mina Swaminathan 

pp 136 Rs, 2.90 

Richly illustrated book—embodies a fresh appioach to diama as a medium of education. The over-all 
purpose of the book is to bring home to the teacher that drama, besides being a joyful and worthwhile 
pursuit m Itself, has tremendous possibilities for the development of potential abilities of the child. 

FOOD FOR all 

by 

Rajammal P Devadas and S Krishnamurthy 

pp 7IH-104 Rs. 2 85 

Discusses vegetable gaidens iu schools and homes, and tells us how to mamlam them and obtain 
the most balanced and nutritive diets 

legends of INDIA 
by 

Muiiel Wasi 

pp ri + Sd Rs. 3.00 

Collections of well-known Indian myths and fables which is addressed primarily to Indian young 
readers to inform them of their own rich heritage and also to the children m other parts of the woi Id 
who may or may not have come across the legend elsewhere The legends alternates between 
the joyful and the philosophical 

Available ft oin: 

Business Manager 
Publication Unit 

National Council of Educational Research and Training, 

71/1 Najafgaih Road, New Delhi 15 
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Kuin, Huniaiiiv Paul fiili rmiK 
'L'iv IIii4uri Qujl-11 Mary Hiuhvr 
Sccunjnr) ScIkkiI 


Sliri N. PailniHiiuliliiui Kl riiiik 
Mmiriisi l''iliiciviii)ii Vssdciiiiioii 
UiUhor Si’Ciinditrj Sirlioul. J.urii I'.state 


.No 

Rtmk 

No. 

Roll 

No. 

Nome ol'ilif C iimIMiiic 

.\7i;/7v 1 
ohtitim'tl 

smH’ 

1, 

1 

3H93 

Sh N. Pailinim.iblian, 

172 

Dulhi 

1 

2 

3850 

Sli Ainiiablia Muklierjcc 

171 

Delhi 

3. 

2 

12082 

Sh SanmenUra Narayan Roy 

171 

W. Bengal 

4 

4 

042 

Sh, AsUok M.iial 

\10 

Delhi 

5 

4 

26968 

Sh, Saliimiddin 

170 

Andhra 

Pradesh 

fi 

fi 

78 

K,m Raiijana Paul 

169 

Delhi 

7 

6 

48034 

Sh, Chiaya Vcnkauiram Ravishankar 

169 

Gujaral 

S. 

8 

7983 

Sh Ui.>,hwajh Ghoshal 

167 

W Bengal 

9. 

9 

4020 

Sh. Rahul Khullnj' 

166 

Delhi 

10 

10 

3938 

Sh R, Raghavan Chan 

165 

Delhi 

11, 

12 

1 1 

26974 

Sh, R. Mural! 

164 

Andhra 

Pradesh 

1 1 

3481 

Sh, Piatap Bhattadiarya 

164 

W, Bengal 

13 

13 

6825 

Sh, Aijun Janah 

163 

Delhi 

14 

13 

26966 

Sh. K. Gopinaihan 

163 

Andhra 

Pradesh 

15, 

15 

263 

Sh. Shiv Subraruaniam Pillai 

162 

W Bengal 



NATIONAL SCIENCE TALENT SEARCH EXAMINATION RESULT 1969 


155 


S Nt> 

Rank 

No. 

Roll 

No 

Name of the Candidate 

Afar/cy 

obtained 

Slate 

16 

15 

11242 

Sli Devi PiasacI Milia 

162 

W Bengal 

17 

15 

12985 

Sli Pi 0 ba 1 Barer|ce 

162 

W Bengal 

If’ 

18 

12919 

Sh Dcbashis Sai kai 

161 

W Bengal 

19 

19 

17419 

K.m P,N, Piishnalaiha 

160 

Dedhi 

20 

19 

13832 

Sh GaiitJni RaOhaki ishna Desirajii 

160 

Mahaiashlia 

21 

19 

4935 

Sh S Sridhaian 

160 

Bihai 

22 

22 

6581 

Sh Shankar Bhattachdiyya 

159 

Mahai ashtia 

23 

23 

6456 

Sh Til lhaiikar Baneijee 

158 

W. Bengal 

24, 

23 

12739 

Sh, Minojit Sinha 

158 

Assam 

25, 

25 

37373 

Sh Parlha Piatiin M.ilra 

157 

W Bengal 

26 

25 

14350 

Sh Anin lagdish Manohai 

157 

W Bengal 

27, 

27 

3799 

Sh Madhiwan Aiunkumai 

155 

Kerala 

28 

27 

35638 

Sh Simanda Dhai 

155 

Assam 

29 

29 

1286 

Sh, Anvmdci Singh Sethi 

154 

Delhi 

30 

29 

1891 1 

Sh Deb Das Karnnkai 

154 

W, Bengal 

31 

29 

12657 

tCm Amiiadha Rom 

154 

Oussa 

32 

32 

1993 

Sh, Pradip KunurDutia 

153 

W, Bengal 

33 

32 

18554 

ICin Leela K.ai 

153 

Himachal 

Piadesh 

34 

34 

4034 

Sh Dhi ubo Kumar Sircar 

151 

Delhi 

35 

34 

14458 

Sh RakeshTiili 

151 

Delhi 

36 

34 

10531 

Sh Alok Tyagi 

151 

Madhya 

Pradesh 

37 

37 

101 

Sh. Kamesh Ramakrishna 

150 

Maharashtra 

38 

37 

6819 

Sh. Siigaia Mitra 

150 

Delhi 

39 

37 

6803 

Sh Deepnk Nakia 

150 

Delhi 

40 

37 

20751 

Sh, Piadeep Goel 

150 

Delhi 

41 

37 

33515 

Sh, Alok Raj 

150 

Bihar 

42 

42 

6831 

Sh Dipaukar Mukherjec 

149 

Delhi 

43 

42 

2956 

Sh Lele Shuram Prabhakar 

149 

Maharashtra 

44 

42 

11497 

Sh Madhukar R. Patel 

149 

Gujarat 

45 

42 

13009 

Sh, Ravi Jaismghani 

149 

W Bengal 

46, 

46 

4976 

Km. Godbale Rohmi Madhusudan 

148 

Maharashtra 
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I No, Rank 

No 

Roll Name of the CaiiditUUe 

No. 

obiaiiwd 

State 

47. 

46 

116.36 Sh. Lokcs Bhauacharyya 

148 

W. Bengal 

48 

46 

1884 Km. Rcimi Narang 

148 

Delhi 

49. 

46 

6826 Sh. Atul Aggarwal 

148 

Delhi 

50. 

46 

1040 Sh. Snehamiy Bandyopadhyaj 

148 

W. Bengal 

5). 

51 

3864 Km. Rita Jain 

147 

Delhi 

52. 

52 

20764 Sh. Navin Govil 

146 

Delhi 

53 

52 

13306 Sh. Babu Philip 

146 

Kerala 

54. 

52 

13777 Sh. Miirari Ashnk Jagat 

146 

Maharashtra 

55 

52 

6361 Sh. Sanlosh lyci 

146 

W. Bengal 

56. 

52 

3311 Sh. Anupam Khanna 

146 

Uttar Pradesl 

57. 

57 

1885 Km PranoliBanci'jce 

145 

Delhi 

58. 

57 

21301 Sh. SiidipSen 

145 

W. Bengal 

59 

57 

33509 Sh. Gautam Ghosh 

145 

Bihar 

60 

60 

17440 Sh. S. Ramcsh 

144 

Delhi 

61 

60 

1983 Km. Milliiin Sil 

144 

W. Bengal 

62. 

60 

5408 Sh. Kalyan Chaitcrjec 

144 

W. Bengal 

63. 

60 

6459 Sh Santami Mukhopadhyay 

144 

W. Bengal 

64. 

60 

12986 Sh. Shyamil Kanti Bhattachnrya 

144 

W. Bengal 

65. 

60 

4936 Sh. Percy T. Siganpoiia 

144 

Bihar 

66. 

66 

17421 Km. A. Anandavalli 

143 

Delhi 

67. 

66 

6830 Sh Ranganath Sakalespur Visweswaraiya 

143 

Delhi 

68. 

66 

31293 Sh. Navare Shaiad Tribhuwandas 

143 

Maharashtra 

69. 

66 

2390 Sh. Subir Sarkar 

143 

Maharashtra 

70. 

66 

11434 Sh. Tejwani Manu Jamnadas 

143 

Gujarat 

71. 

66 

12983 Sh. Aryan Bhaitachaiyya 

143 

W Bengal 

72 

72 

20619 Sh. Deopak Talwar 

142 

Delhi 

73. 

72 

4022 Sh. Ambar Chatterjee 

142 

Delhi 

74. 

72 

1004 Sh. Prajapati Tnvedi 

142 

Delhi 

75. 

72 

17450 Sh N Sampalh Kumar 

142 

Delhi 

76. 

72 

1859 Km. Anuradha Sanya 1 

142 

Delhi 

?,7„ 

72 

1882 Km ShailajaRai 

142 

Delhi 
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Rank 

No 

Roll 

No 

Name of the Candidate 

Mai ki 
ohtuineci 

State 

78 

72 

1474 

Sli, Vijaya Kiimai S. 

142 

Midi as 

79, 

72 

19041 

Sh. Rama Krishna Ramaswamy 

142 

Madias 

80 

72 

3804 

Sh Mam Jacob Kalliath 

142 

Keiald 

81 

72 

11646 

Sh Tushai Basil 

142 

W Bengal 

82 

72 

21302 

Sh. Anjan Sircar 

142 

W Bengal 

83 

72 

28422 

Sh. Rama Kant Shukla 

142 

IJ P 

84. 

84 

4008 

Sh. Proiiob Sen 

141 

Delhi 

85 

84 

1517 

Sh Vijay Kumar 

141 

Delhi 

86. 

84 

1300 

Sh Kapil Narain Bhalla 

141 

Delhi 

87 

84 

45290 

Sh. Bhaskar Venkaiaramany 

141 

A.P 

88 

84 

2386 

Sh Suresh Mam 

141 

M ihaiashlia 

89, 

84 

16422 

Sh Nazaielh Jagdish 

141 

Giijaiat 

90 

90 

6987 

Sh S.inj IV Kumar Upadhyay 

140 

Delhi 

91 

90 

16 

Km KiishnaBosc 

140 

Delhi 

92, 

90 

99 

Sh. Rabmclra Kiimai Nair 

140 

Maharashtra 

93, 

90 

13778 

Sh, Kulkarm Nacayan Janardan 

140 

Maharaslhra 

94. 

90 

4937 

Sh, Akhoury Ratmdia Nath 

140 

Bihai 

95, 

95 

35487 

Sh N. Natarajan 

139 

Madias 

96 

95 

13734 

Sh. Shah Rajiv Rajaram 

139 

Maharashtra 

97, 

95 

276 

Sh. Palghat Krishnan Venkatramani 

139 

West Bengal 

98, 

95 

7871 

Sh. Deb Narayan Chakravarli 

139 

West Bengal 

99 

95 

7056 

Km, Sanghamilra Roy 

139 

West Bengal 

100, 

95 

33520 

Sh Amarendra Bhattacharya 

139 

Bihar 

101, 

95 

23412 

Sh. Jeymohan Joseph 

139 

U P 

102. 

102 

74 

Miss Renana Jhabvaia 

138 

Delhi 

103, 

102 

22 

Sh. Amitava Sen Gupta 

138 

Delhi 

104, 

102 

1259 

Sh. Atindam Banerjee 

138 

Delhi 

105, 

102 

17417 

Km. Ramaa Isvaran 

138 

Delhi 

106, 

102 

3983 

Km. Asha Rawal 

138 

Delhi 

107. 

102 

19918 

Sh. G.C R Subramaniam 

138 

Mysore 

108. 

102 

11200 

Sh Pankaj Varma 

138 

Punjab 
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S.No. 

Rmik 

Nt) 

Roll 

1^0. 

Wmiii’ d/ l/ir Caiiditiute 

Muik\ 

obtatncil 

Stale 

)og 

102 

5310 

Sli Asli.ik K.unnr Vcnm 

138 

M.P, 

110 

102 

20299 

Sh l.alii Mohan PainalK 

138 

Orissa 

111. 

111 

4012 

Sli, Ciuipni Sinnh iLandhaw.i 

137 

Delhi 

112, 

111 

31030 

Sli Oharam Vli Ahluwali.i 

137 

Delhi 

ll.s, 

111 

17412 

Sh J, 13 il.ich.ind n 

137 

Delhi 

114 

III 

26019 

Sh Shcul Aditya 

137 

Delhi 

1 IS 

III 

17473 

Sh Cynis Jeli inijir Umrignr 

137 

Maharashtra 

1 l(i. 

III 

4932 

Sh. Blmskar DassoiHa 

137 

Bihai 

117, 

III 

28278 

Kill. 13iiw Bhambhra. 

137 

Uliar Piadesh 

118. 

118 

16599 

Sh. Tara Chind Baporia 

136 

Delhi 

119. 

118 

1869 

Km Miihmi Diiggal 

136 

Delhi 

120, 

118 

1871 

Km, Paranijii Kaiir Uilhra 

136 

Delhi 

121. 

118 

2091.I 

Kill. [2 Roshini Nayai 

136 

Delhi 

122 

118 

3161 

Km. M.oun,a Pom 

136 

U P 

123, 

118 

7192 

Sh Roy. P. Gcoigc 

136 

Kerala 

124 

118 

44041 

Sh Khagesh Mahe.shwari 

136 

Rajasthan 

125 

118 

21903 

Km Shiniasri Clnwclluiry 

136 

West Bengal 

126. 

118 

30379 

Km, Keya Bose 

136 

West Bengal 

127. 

118 

5197 

Sh Debashish Baral 

136 

West Bengal 

128, 

118 

11252 

Sh Sanjay Singh 

136 

Rajasihan 

129, 

118 

25845 

Sh. Uday Kant Choudhary 

136 

Bihar 

130 

118 

46431 

Sh Araitabh Misra 

136 

Bihar 

131. 

118 

32921 

Km, Anjali Nand Maihur 

136 

U.P 

132. 

118 

3319 

Sh, Shailendra Mendiratia 

136 

U.P 

133, 

133 

6801 

Sh. Aniip Malhoi 

135 

Delhi 

134, 

133 

6805 

Sh Dev, Vrat Gupta 

135 

Delhi 

135, 

133 

26001 

Sh. Rakesh Sood 

135 

Delhi 

136. 

133 

2678 

Sh. Peruvambtt Kdshnan Ranganathan 

135 

Madras 

137, 

133 

45289 

Sh, Shankai Venkataramany 

135 

A.P. 

138 

133 

12040 

Sh, Subramanian Krishnajiiiirlhy 

135 

Mahaiashha 

)39. 

133 

21307 Sh Madhii Anand 

135 

West Bengal 
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S.No. 

Rank 

No 

Roll 

No 

Name of the Candielale 

Maik\ 

obtained 

State 

140 

140 

3855 

Sh VinayJain 

134 

Delh i 

141 

140 

6877 

Sh, Ashok Kiimai Vashishl 

134 

Dcih 1 

142, 

140 

7576 

Sh Ravmdei Pal Singh Sandlin 

134 

Delhi 

143 

140 

11243 

Sh Devapiiya Sen 

134 

Delhi 

144 

140 

16573 

Km SiinandaRao 

134 

Delh 1 

145 

140 

7024 

Sh Umcsh C Oaui 

134 

Delh 1 

146. 

140 

1072 

Sh Bhalchandra Laxmamao Tcmbc 

134 

Mysoie 

147 

140 

13740 

Sh NatLi Sanjiv Vasanl 

134 

Maharashli a 

148 

140 

100 

Sh, Siidhir Nilkanth Pandit 

|34 

Mahai ash till 

149, 

140 

42181 

Sh, Oza Ajay Kiimai Tansukh Lai 

134 

Gujarat 

150 

140 

7528 

Sh. Mohindei Pratap Smgh Pannu 

134 

M P 

151 

140 

12953 

Sh. Biplab Baran Blnuadiaiya 

134 

West Bengal 

152, 

140 

264 

Sh Vijay Shankar Laghale 

1.34 

West Bengal 

153 

140 

6379 

Sh Gaiitam Miiklierji 

134 

West Bengal 

154. 

154 

16601 

Sh Chandra Mohan Sehgal 

133 

Dollii 

155, 

154 

16603 

Sh Chandra Gupt 

133 

Delhi 

156 

154 

17454 

Sh S. Udaya Kumar 

1.33 

Delhi 

157 

154 

29307 

Sh Gaonkar, Sharad Govind 

133 

Maharashtra 

158 

154 

29317 

Sh. Medhckar Tushar Prabhakar 

133 

Mahai ashtra 

159 

154 

21035 

Sh, Amit Kumar Pathak 

133 

M.P. 

160 

154 

7995 

Sh Swap an Kumar Bhattacherjee 

133 

W. Benga 1 

161 

154 

7999 

Sh. Dipak Biswas 

133 

W. Bengal 

162 

154 

265 

Sh Dipankar Mitia 

133 

W Bengal 

163 

154 

16833 

Sh Narendra Bhadra 

133 

W Bengal 

164, 

154 

21315 

Sh, Suiesh Hirenaalh 

133 

W, Bengal 

165 

154 

7931 

Sh, Biswajit Majumdet 

■ 133 

W, Bengal 

166. 

154 

20529 

Sh Ashit Baran Sircai 

133 

As.sam 

167 

154 

33510 

Sh Jayant Kumar 

133 

Bihar 

168 

168 

1525 

Sh Vikram Kumar Dikshit 

132 

Delhi 

169. 

168 

1276 

Miss Jyotsna Pradhan 

132 

Delhi 

170 

168 

26004 

Sh. Sushil Kumar Jain 

132 

Delhi 
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scH(XH. scirNcr it Ni 1969 


S.No. Rank 

No 

Roll Niinii' of ike Candiittile 

No. 

.Vfaiks 

obtained 

Stale 

171 

168 

1874 Km Tripti Majiimdar 

132 

Delhi 

172, 

168 

37321 Sh. S'Kish Chandcr Khurann 

132 

Delhi 

173 

168 

29311 Sh Ananiharamaii Sivnraman 

132 

Maharshtra 

174. 

168 

13739 Sh, Gore Suresh Trimhak 

132 

M ihirashtra 

175, 

168 

21077 Sh. Vishwanaih Krishn.''n 

132 

MP. 

176. 

168 

1039 Sh, SanlkutmrChikrahard 

312 

Wes' Bengal 

177, 

168 

6366 Sh, Somaaih Mukherji 

132 

West Bengal 

178. 

168 

6395 Sh, Prabh'ikar Sislri GM»varli 

132 

West Bengal 

179. 

168 

6419 Sh. Gauiam Mukhnpsdhyay 

132 

West Bengal 

180. 

168 

11241 Sh. Padmimbhirv Sdnagesh 

132 

Rajasthan 

181, 

168 

30672 Sh. S itnir K'lm ir Bhattaclmrya 

132 

West Bengal 

182. 

168 

9502 Sh. Akhilesh Pandey 

132 

U.P. 

183. 

183 

946 Sh. Doepak Chopra 

131 

Delhi 

184. 

183 

20627 Sh. Daksha Lohiya 

131 

Delhi 

183. 

183 

72 Miss Pratimi Sinlia 

131 

Delhi 

186. 

183 

1296 Sh. Ashwini Kumar Gupta 

131 

Delhi 

187, 

183 

1299 Sh, Achal Kumar Jyoii 

131 

Delhi 

188. 

183 

3914 Sh. R. Knshrtan 

131 

Delhi 

189 

183 

3762 Sh. Gopalakrishnan, P. 

131 

Kerala 

190. 

183 

3802 Sh. K, Narayanan Nair 

131 

Madras 

191. 

183 

7729 Km. Madhumita Banerjee 

131 

West Bengal 

192. 

183 

222 Sh. Amriiasu Kumar Sihna 

131 

U.P. 

193. 

193 

17428 Sh, P.S, Kdshan Kumar 

130 

Delhi 

194. 

193 

8004 Kna Jyoti Choudhry 

130 

Delhi 

195. 

193 

21106 Sh. Ravi Swaminathan 

130 

M.P, 

196. 

193 

8736 Sh V. Krislinaswamy 

130 

Madras 

197. 

193 

32206 Sh Michael Percival Nen 

130 

Madras 

198. 

193 

9279 Sh. Natarajan, S 

130 

Madras 

199. 

193 

42623 Sh. Arunachalam Ramakrishanan 

130 

Maharashtra 

200. 

193 

7991 Shri Dhiman Kahali 

130 

West Bengal 

201. 193 

7870 Sh. Debasish Ghosh 

130 

West Bengal, 
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S.No 

Rank 

No. 

Roll 

No 

Name of the Canchdate 

Mwk.i 

obtained 

State 

202. 

193 

18776 

M!iss Nabaneeta Mukhopadtiyay 

130 

West Bengal 

20"?. 

193 

24041 

Sh Sukanta Kishorc Tripaihy 

130 

Bihar 

204 

204 

954 

Sh Mahesh Kumar Uppal 

129 

Delhi 

20S, 

204 

14308 

Sh Rajeev Gautam 

129 

Delhi 

206 

204 

24989 

Km HajTOini Rapialmgapi 

129 

Madias 

207 

204 

1819 

Mr Giirjot Smgh Malhi 

129 

H uy.ina 

208, 

204 

2681 

Sh KrLshnan Radhnknshnan 

129 

Madias 

209 

204 

40321 

Kip K Srec Dcvi 

129 

Mysore 

210. 

204 

13735 

Sh Athale, Ravindra Ananl 

129 

Mihnrashtia 

21 1 

204 

2847 

Km Jaya Das Gupta 

129 

West Bengal 

212. 

204 

11639 

Sh Sujit Kumai Saha 

129 

West Bengal 

213. 

204 

31960 

Km, Oayatree Mandal 

129 

Rajasilnn 

214 

204 

20443 

Sh, Paresh Chandra Dull a 

129 

Bihar 

213. 

204 

33507 

Sh Siijay Dey 

129 

Bihar 

216. 

204 

i611 

Sh Devendra Singh Negi 

129 

U.P 

217 

204 

416J4 

Sh Akshaya Jain 

129 

U,P. 

218. 

218 

20607 

Sh. Oautani Sen 

128 

Delhi 

219. 

218 

4038 

Sh V. Raja Gopal 

128 

Delhi 

220. 

218 

17420 

Miss P K Janani 

128 

Delhi 

221. 

218 

70 

Sh Pradcep Kumar Deb 

128 

Delhi 

222. 

218 

16574 

Km Tnpat Kapoor 

128 

Delhi 

223. 

218 

7002 

Sh. Amar Prakash Gupta 

128 

Delhi 

224. 

218 

12018 

Sh Joshi Niranjan Vasudeo 

128 

Maharashtra 

225. 

218 

28346 

Sh, Kanwal Jil Singh 

128 

Maharashtra 

226. 

218 

1907 

Sh. Sampad Narayan Bhattacliarya 

128 

West Bengal 

227. 

218 

13058 

Sh Prajna Brata Sen 

128 

West Bengal 

228. 

218 

6414 

Km Santwana Roy Chaudliury 

128 

West Bengal 

229, 

218 

7921 

Sh. Suttvitendra Mazumdar 

128 

West Bengal 

230, 

218 

11753 

Sh Ronald Gnanaraj Pillay 

128 

West Bengal 

231 

218 

9539 

Miss Meena Mohindar 

128 

U.P 

232, 

218 

12784 

Sh. Rajiv Kapoor 

128 

U.P, 

233. 

233 

494 

Sh. Ashok Kumar Bhardwaj 

127 

Delhi 
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UlMtt t HM 


S.Nn Rank 

No 

RnH Xiimi' i>l llir ( iiiu/iiJiih' 

,v.>. 

Mo} k.', 

<i/)laitii(l 

Stale 

234. 

233 

4IHI6 .Sh. llarinilcr .Scll'i 

127 

Delhi 

235. 

233 

26136 Sh R.\i Klim ir Khanivt 

127 

Delhi 

236. 

2,33 

25 .Sh. RiikcUt Ohn 

127 

Dehi 

237 

233 

17437 Sh V, KamhBMvan 

127 

Delhi 

23 «. 

233 

46 Sh. Aji-i!. Kii.ir [3eh 

127 

Delhi 

239. 

233 

959 Sh. Siihil Ranjail Dun 

127 

Delhi 

240. 

233 

1872 Km. Amm Srivasima 

127 

Delhi 

241 

233 

19872 Sh. Ragavcailra CiailaBkar 

127 

Myso rc 

242 

233 

4429 Km. Meeiia Padmanahhan 

127 

A P 

243 

233 

13736 Sli. Akhavc Shridlvii Ragliiinand tn 

127 

Mahnrashlia 

244, 

233 

40177 Sh. Ajii Chaudhari 

127 

M P 

245, 

233 

6355 Sh. B. Saihana GopaUm 

127 

W. Bengal 

246. 

233 

30655 Sli, Sankar Das Saiitn 

127 

W Bengal 

247. 

247 

20616 Sh. Raj Kumar CUipia 

126 

Delhi 

248 

247 

4016 Sh, Anin Kumai Dlinsin 

126 

Delhi 

249 

247 

1289 Sh. AjoyRoy 

126 

Delhi 

250 

247 

3900 Sh, R, Vijaya Raghnvan 

126 

Delhi 

251 

247 

40102 M.iss Sushma 

126 

Delhi 

252 

247 

1866 Km, MceUun Pan Dadlani 

126 

Delhi 

253 

247 

2748 Sh, K, Vaidyanathan 

126 

Madras 

254. 

247 

35938 Sh, R Ravi 

126 

Madras 

255 

247 

8569 Sh. Vaabakkam. Conwndiii Vijayaraghavan 

126 

Madras 

256 

247 

21476 Sh H. Thirumala Raya 

126 

Mysore 

257, 

247 

2501 Sh. Nallan Ramana Pradeep Reddy 

126 

A.P. 

258 

247 

22379 Sh. NiUn Vishnu Dcoras 

126 

Maharashtra 

259, 

247 

16419 Sh Bhavsar Sukeiu Prartilchamlra 

126 

Gujaral 

260. 

247 

12748 Sh. Satya Kanta Saikia 

126 

Assam 

261. 

261 

956 Sh Anil Mahajan 

125 

Delhi 

262. 

261 

3986 Sh, Suinan Nayar 

125 

Delhi 

263. 

261 

20621 Sh. Rajiv laluvia 

125 

Delhi 

264. 

251 

4037 Sh, Jayrain, Subralimaniam 

125 

Delhi 

265, 

261 

6812 Sh, Prasan Chowdiah 

125 

Delhi 
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SNo 

Rank 

No. 

Roll 

No 

Name of the Candidate 

Mai ks 
obtained 

State 

266 

261 

42 

Sli Arup Bhattachaiya 

125 

Delhi 

2(57. 

261 

1856 

Km PurabiBhaumik 

125 

Delhi 

268 

261 

1883 

Ktn Sliarad Bala 

125 

Delhi 

269 

261 

25445 

Km Suslima Kitclikie 

125 

Delhi 

270 

261 

36137 

Sh Subrahmauyam Ravi 

125 

Delhi 

271 

261 

1459 

Sh Jayanth-R Banavar 

125 

Madras 

272 

261 

2513 

Sh Jacob Mathew 

125 

Kerala 

273 

261 

26973 

Sh Si'inivasan Sourirajan 

125 

A.P 

274. 

261 

28067 

Km Brinda Raiji 

125 

Mahaiashtia 

275 

261 

29306 

Sh Sharad Madhusudan Kelkar 

125 

Maharashtra 

276 

261 

21049 

Sh Goviad Ptasad Namedeo 

125 

M. P. 

277 

261 

3485 

Sh Paritosb Kumar Das 

125 

W. Bengal 

278 

261 

42715 

Sh Biswajit Bose 

125 

U.P. 

279. 

261 

9580 

Sh Arvind Kumar Awasthy 

125 

UP. 

280 

280 

4047 

Sh PaithaRoy 

124 

Delhi 

281 

280 

1263 

Sh. Sayan Chatteljce 

124 

Delhi 

282 

280 

15852 

Sh Rajeev Jyoti 

124 

Delhi 

283. 

280 

25432 

Km Usha Menon 

124 

Delhi 

284 

280 

2674 

Sh V Mohan 

124 

Madras 

285. 

280 

29312 

S)i. Narayanaswamy Mahadev 

124 

Maharashtra 

286 

280 

23571 

Km Somdatta Sinha 

124 

West Bengal 

287 

280 

16843 

Sh Subroto Kundu 

124 

West Bangal 

288. 

280 

11638 

Sh Amit Basak 

124 

West Bengal 

289. 

280 

21317 

Sh Subrata Mandal 

124 

West Bengal 

290. 

280 

35643 

Sh. Kamal Chandra Neogi 

124 

Assam 

291 

280 

9450 

Sh. Kanyarjit Singh 

124 

U.P. 

292. 

280 

3317 

Sh Vijay Mohan Kohh 

124 

U.P 

923 

293 

73 

Miss Madhii Verma 

123 

Delhi 

294 

293 

17186 

Sh Balaki'ishnan Mam Vannan 

123 

Madras 

295. 

293 

1457 

Sh. Anand. K S. 

123 

Madras 

296 

293 

13311 

Sh Rama Krishnan, M. 

123 

Kerala 

297. 

293 

27006 

Sh. Vudata Chandra Prakash 

123 

A.P. 
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srtKKiL U'lisri, Jfsf 1V69 


S.Np. Rank Rail MtiM af ikt Candulaia 

No. No. 

Markv 

ahla'mcd 

Stak 

298, 

293 

9902 Sh. Muriiltdh^riin 

123 

A.P. 

299, 

293 

6118 Sh, Paranjiipt Ranwh Khivaram 

123 

Mahatashltii 

300. 

293 

12058 Sh. Va/ Franei-i Jnwph Cyril 

123 

Mahatashtta 

301. 

293 

21918 Sh, Srcc Bidjut Kviimr Duliffl 

123 

West Beajal 

302. 

293 

23575 Sh. Bijeyandra Naih Pain 

123 

West Bengal 

303, 

293 

16862 Sh. Dehohraia Achiiya 

121 

West BengW 

304. 

293 

21316 Md. Nooniiidin Ahmed 

123 

W. Bengal 

305. 

293 

29372 Km. Riia M.ihan 

123 

West Bengal , 

306. 

293 

12961 Sh. SujilKumirDcb 

123 

West Bengal 

307. 

293 

41413 Km. N-Jjmi Usmini 

123 

U.P. 

308, 

293 

28423 Sh, Krishna M ihan 

123 

U.P. 

309. 

293 

5324 Sh. Ambrish Kumar Kush 

123 

U.P, 

310. 

310 

18132 Sh. Niloy Kumar Duaa 

122 

Delhi 

311. 

310 

21745 Sh, Ranjii Singh Baxi 

122 

Delhi 

312. 

310 

1012 Sh, Seshadri Harilur 

122 

Delhi 

313. 

310 

1272 Sh. P.iwan Towalhia 

122 

Delhi 

314. 

310 

8005 Km. Rami Venkatakrislman 

122 

Dellii 

315. 

310 

25433 Km, Neelam Koshivc 

122 

Delhi 

316. 

310 

2673 Sh, R. Gopalan 

122 

Madras 

317, 

310 

2703 Sh, R, Sridharan 

122 

Madras 

318. 

310 

1472 Km. Radha.S. 

122 

Madras 

319. 

310 

9378 Sh, C, Narayana Sastry 

122 

Madras 

320, 

310 

13249 sh.P.S. Anand 

122 

Kerala 

321. 

310 

45567 Sh. Suresh Srinivasan 

122 

Kerala 

322. 

310 

33983 Sh. Talaprolu Gouri Sankara Babu 

122 

A.P. 

323. 

310 

11341 Sh, Bharu Lai QiaudhrJ 

122 

Rajasthan 

324. 

310 

32050 Sh. Rajiva Bapna 

122 

Rajasthan 

325. 

310 

6582 Sh Paramiit Singh GrewaJ 

122 

Maharashtra 

326. 

310 

268 Sh. Arun Prabhakar Mobile 

122 

West Bengal 

327. 

310 

274 Sh. Prodipto Banerjee 

122 

West Bengaf 
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SNo 

Rank 

No. 

Rail 

No 

Nim’ of th Cwlidate 

M i ki 
obiained 

Snt!’ 

328 

310 

6333 

Km Indian! Bose 

122 

West Bengal 

329, 

310 

1689 

Sh Mahadev Banerjec 

122 

Bihar 

330. 

310 

9578 

Sh Miikul Sahgai 

122 

UP 

331 

331 

37361 

Kni PraveenKaur 

121 

Delhi 

332, 

331 

3852 

Sh Shashikanf Sathaye 

121 

Delhi 

333, 

331 

3871 

Sh, RijuBowiy 

121 

Delhi 

334 

331 

21594 

Sh. Kapil Dev Gupta 

121 

Delhi 

335, 

331 

944 

Sh Rakesh Agaiwala 

121 

Delhi 

336. 

331 

3937 

Sh B, Ptimiah 

121 

Delhi 

337, 

331 

7585 

Sh Rctiin Arun Kumar Rao 

121 

UP 

338 

331 

13253 

Sh A Rajaram 

121 

Kerala 

339 

331 

39353 

Sh Chindrakant Shi idhar Panse 

121 

Milnrashtia 

340 

331 

19359 

Km, Manunala Deb 

121 

Milnrashtra 

341. 

331 

22351 

Sh. Roy Sitendii 

121 

Milnrahstra 

342 

331 

16427 

Sh Shah Bhadresh Kantilal 

121 

Gujarat 

343 

331 

38978 

Sh, Suicsh Joshi 

121 

M.P. 

344 

331 

40181 

Sh Devraj Smgh 

121 

M.P. 

345 

331 

37867 

Sh Bappaditya Deb 

121 

West Bengal 

346. 

331 

11238 

Sh. Amtabha Sen 

121 

Rajasthan 

347. 

331 

13010 

Sh, Rajan Jaisinghani 

121 

West Bengal 

348, 

331 

16695 

Sh. Gourang Nanvleo Mulay 

121 

West Bengal 

349, 

331 

22277 

Sh. Subinoy Jana 

121 

West Bengal 
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SCllOOl- sen NCI. JCNl, 196^ 


The list or candidntes eligible for scholarship for higher studies with Mathematics as the main 

subject. 


1 

2 

' " 3 " 

4 

5 

6 

1. 

1 

17052 

Km. Tadira Narayana Swainy 

120 

Kerala 

2. 

1 

23354 

Sh. Akhil Ranjan 

120 

U.P, 

3, 

3 

6416 

Sh. Arunavii Guha 

117 

West Bengal 

4. 

4 

41198 

Sh, James G. Singh 

116 

Punjab 

5. 

5 

17432 

Sh. B. Gopal 

115 

Delhi 

6. 

6 

1310 

Sh, Deepak Khanna 

113 

U.P. 

7. 

7 

20869 

Sh, S.C. Shekhar 

112 

Delhi 

8, 

7 

14057 

Sh. DivvakarNigam 

112 

U.P. 

9. 

9 

26461 

Sh, Dinesh Kumar SItarma 

111 

Rajasthan 

10. 

10 

1262 

Sh. Leslie Joseph 

no 

Delhi 




RC. Sharma 
V.I Baulin 

Deptt of Science Education, NCERT 

SS.61: Calculate the value of 

a»»+^,ifa»+a+l=0 

SS.62: A quadnlateral ABCD is inscribed 
in a circle with radius R. If AB= 


AD+BC=2R, prove that the bisectors 
of the angles C and D of the quadri¬ 
lateral intersect on AB, 

SS.63: Provethatlhcorthoccntreofa triangle 
IS nearest to the shortest side. 

SS.64: (a) Two numbers a and b are such 
that a is smaller and b is greater 
than 1. If S IS the sum of a and b 
and P IS their product, prove that 
S and P differ by more than 1 

(b) Hence show that if the product 
of two positive numbers is 1, their 
sum cannot be less than 2 

(c) Using this result, or otherwise, 
prove that amongst all right angled 
triangles of equal area, the isoclcs 
triangle has the shortest hypoleinisc. 

SS.65; Coiisliiict the smallest equilateral 
triangle inscribed in a square. Coih 
struct also ihc largest euq lateral 
triangle inscribed in a .square. 

Show, by simple mean.s, that the 
triangles so comstriicled aic indeed 
the smallest and largest possible. 
If the square is a imil-.squarc, that is, 
the sides are equal to 1, calculate 
the lengths ofthe sides of the inscribed 
triangles. 





WEAPONS OLD AND NEW: Mir Najabat 
Ali. National Council of Educational 
Research and Training, pp. 76. Rs. 2.25, 

FROM STONE—FLINGING TO MOON¬ 
FINDING 

—EVOLUTION OF WEAPONS— 


Man is one of the weakest of creatures in 
the world, but he has been reigning the strong¬ 
est among them all now and what is much 
more striking, has created quite a fascinating 
civilization, the like of which can not be claimed 
by any other living species. This astonishing 
achievement would not have been possible 
without various types of weapons he designed 
from time to time to protect himself against 
a world of animals or enemies. It is a 
wonder-work, starting from the crude 
stone-made hurthngs, and now fashioning 


into horrifjmg space-craft missiles travelling 
incrcdihlc dislanccs. In between float, the 
archery cqnipinent. swords and spears, guns 
and grenades, firearms and rockets, tanks 
and torpedoes, morlnr.s and submarines, 
radars and laser-,, iilotn bombs and other 
members of llic nuclear family. The subject 
matter itself is very interesting and Mr. Mir 
Najahal Alt, die author of the booklet, 
Oki and New has made it most 
informalive and instructive in his brief survey 
which is published for the benefit of pupils 
interested in the subject. 

The outstanding quality of the work lies in 
the analytical approach, tlic scientific treat¬ 
ment and the research base it has received 
from the author. For example, even the 
juniors know how man first discovered the 
use of lire by causing friction between two 
hard-.surfiiccd objects. Bat Mr. Najabat All 
dives deeper and furtlieren liglitens, that man 
must have done so after he saw lightning 
striking a tree and starling of forest fire. 
Similarly, an easily understandable reasoning 
lias been advanced to explain why under¬ 
ground shelters ensure better protection to 
human frames than any other devices during 
air raids. The background materials in the 
form of historical events and scientific in¬ 
vestigations arc lucid enough for following the 
descriptions of newly-invented weapons of 
the modern nuclear days. The booklet ends 
m a befitting discussion of the likely evil 
effects of space conquest and lunar landing 
on tlic future warfare. A vital question is 
raised whether these glorifiying explorations 
will not lead to ‘wars even more fierce than 
those we have known—.wars extending even 
into the newly acquired dimension’, for every 
scientific discovery, we have seen, has been 
used for the improvement of fighting techni¬ 
ques, we have to agree with the author that 
time alone can provide the answer. 
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Good sketches and pictures bustle all 
through to illustrate the narration. How¬ 
ever, colour shades should have been used 
to make the leading matter much more 
attractive for the students It may also be 
suggested that when handing out statistical 
data, caie should be taken to present the 
same in their totality and not anything just 
at random. While quoting figuies for the 
cost of the two world wars, the entire ones 
have been given for the First but in the case 
of the Second, only the loss of human lives 
for Britain is listed and not the total number 
of those killed and wounded' 

These minor drawbacks, however, don’t 
detract the utihty of the work as a standard 
textbook for those opting out foi Military 
Science in the secondary schools. For the rest, 
it will seive as an enlivening supplementary 
reader. The NCERT must be complimented 
for making such a handy and handsome 
publication available to students who stand 
exposed to sudden flare of demonic and 
destructive nucleai war any moment. 

“EX MAJOR” 


THE TJNIVERSE; Prof. P.L. Bhatnagar, 
National Council of Educational Research 
and Training, New Dellii, 1967 

Man has been interested m the stailit sky 
since ancient times. Some of the stellar 
constellations have legends associated with 
them and have also been likened with some 
of the common animals. Some of the indi¬ 
vidual stars have been given names after the 
great “Rishis” of the past. Some of the 
brighter stars were used by navigators in the 
past for guiding them on the high seas and 


were assigned names by these navigators. 
Aldebarn, Algot and Altair are the examples 
of such stars wliich were assigned these 
names by the Arabs. 

A great impetus to the study of stars and 
constellations was given by Galileo’s inven¬ 
tion of the optical telescope in 1609. With 
the naked eye one can observe only about 
4000 stars fiom any position on a clear night. 
But with the help of the telescope and the 
photographic plate, it is possible to observe 
about one hundred thousand million stars in 
the local galaxy, known as the Milky Way. 
The power of observation has been enor¬ 
mously increased with the invention of the 
radio telescope which can observe ladiation 
sources at a distance of a few hundred million 
light-years. 

Chapter I of the present book give.s a 
geneial introduction to tlie .subject and 
Chapter II describes the properties of radia¬ 
tion The next two cliapteis describe the 
mam tools used in astronomy, viz., the opti¬ 
cal telescopes and tlie radio-telescope and 
their mountings as uses. These two chapters, 
especially the chapter on radio-telescopes 
are slightly technical. But there will be no 
difficulty in following the other chapters even 
if these two chapters are left out by those who 
are not interested in technical details of the 
methods of observation of the stars and the 
galaxies 

Chapter V describes the stats and constel¬ 
lations in the Milky Way, i.c., our own galaxy. 
The chapter describes three cootdinate 
systems used in astronomy, The de.scriptions 
are a little technical but one .should be able to 
iindeistand them by referring to the diagrams, 
This knowledge will be of use in locating the 
stais and constellations with the help of the 
charts given at the end of the book which 
are based on the equatorial system of 
coordinates. 
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The next ilirec cliapi«;r‘< are ciinct'rncd %\ilh 
u dcficriptinn of llic ^hajK' and si/c of the 
galaxies, their classifiealion and dtstiihnfioii. 
and the occurrence of gas and dust in the 
interstellar space. Clniptcr IX gixcs .i 
detailed discussion of the mass, constiintiun, 
spectrum, surface temperature and csolntum 
of a star. The next two chapters desL-riln; the 
sun and its family of planets, satellites, aste¬ 
roids and comets. The last chapter gives an 
account of the theories of the origin of the 
solar system. 

The book thus gives a vast amount of latest 
infoiraalion on dill'erent aspects of the Uni¬ 
verse including the inysterituis radiation sources 
the 'quasar;'. Allhougli, according to the 
autlioi'j the hook has been written primarily 
for the young reader, even grown up people 
will find It inslructivo and stimulating. The 
printing and reproductions arc satisfactory. 


Ancnor‘>ccms to have iindcvcrtently crept 
in on page 2'l. where the author says that' 
"lladialion of frequencies even higher than 
these arc associated with cosmic rays that. 
cojiic from all sides of the earth from, extra—; 
icrrcsliial sources". Actually cosmic rays 
arc cluirgcd particles, mostly protons, and 
higher frequency r.idiations are produced in 
the upper atomnsphcrc when these high, 
energy charged particles interact with, 
matter. Also on page 33 it is stated that' 
“The theoretical limit of the resolution of a 
telescope is given by 1. =4.56'D seconds of arc, 
vvfierc tlie tliameter D of the objective is 
measuicd in inches." It would have been 
belter to indicate the wave-length of light 
which has been used here in calculating the 
limit of resolution. 


R.N, RAI 
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E D I T O R I A I, 


This issue of School Science opens with an aiticle by R. N Rai oii the 
planet that was perhaps revered the most by mankind in earlier days—Venus 
Beginning with an account of how Venus was worshipped by the Babylonians 
and Assyrians, the author goes on to trace the scientific researches conducted so 
far to probe the mysteries of this planet. He gives a full account of the various 
satellites sent up by man to observe Venus and records the facts discovered. 

fn Science Ethical ion in India—Problems and Solutions, N, K. Sanyal has 
dwelt on problems of science education arising from the incieasing number of 
students- The author attempts to give practical solutions to these problems m 
order to make the study of science in India more effective. The article will per¬ 
haps be of special inteiesl to teachers. 

For teachers there are also ttvo other particularly significant articles, In 
Human Physiology as a Discipline in Middle School Biology'' S. Doraiswami and 
V. I. Galakhov outline a syllabus for introducing the study of human physiology 
in Class Vlll and m The Development of Primary Science Education at NCERT, 
B. D. Alreya and A.W. Torrie discuss the need for effective science teaching at 
the primary level and trace the attempts made by ncert to develop syllabi, 
text and leaching materials at this level. 

Three articles will perhaps be of special interest to students. In The Ship- 
worm—A Timber Destroyer par excellence, N. Balakrishnan Naii describes 
the life, habitat, habits and protective measures against a little known pest— 
the shipworm. The other two articles concern, agricultuie and physics, M S. 
Swaminathan m Dwarf Wheats gives a detailed account of why and how dwarf 
wheats were developed in India, while L. D. Ahuja in the second instalment of 
Surface Tension — 11 goes deeper into the subject. This article is as lucidly 
written as was the first in the senes. We expect the student of physics 
will benefit by it. 

In the other regular features like Science Abroad, Young Folks Corner, 
New Trends in Science Education and Science Notes readers will find useful 
information regarding developments in the various areas of science and 
science education. 

Finally, we who work on School Science would welcome comments and 
suggestions from readers regarding this journal. This will help us to serve our 
readers ' better. 



Venus 

R. N. Rai 

National Institute of Science, New Delhi 


V ENUS is the brightest object m the sky 
after the sun and the moon. It has been 
recognised as a planet since ancient times. 
From the ziggurat at Ur were made careful 
observations of the motion of Venus. One 
cuneiform tablet gives observations of the 
appearances of Venus over a period of twenty- 
one years and dates back to about 1900 B C. 
or even earlier. Fiom such studies it was 
known even at that time that Venus makes 
five cii'clings in eight years, or, as we would 
say today, that five synodical years of Venus 
almost equal 2920 days^. However, the 
theoiy that the Earth and the other planets 
go round the sun in almost circular orbits 
was not known and they had no idea of its 
period of revolution round the sun. But 
they knew that it alternately appears as a 
morning and an evening star (actually star 
is a misnomer hut at that time the distinction 
between a star and a planet was not clear) 
in a period of 584 days, remaining a morning 
star for 292 days and an evening star for 
292 days. But the Greeks were ignorant 
of this fact till the fifth century B.C. and 

1. Synodic year is the time dur ng which an inner 
makes one revolution more round the sun than 
the Earth and an outer planet makes one revolution 
less round the sun than the Earth. 


then hailed it as a new discovery. This 
period, known as the synodic yeai, has been 
now accurately determined and has a value 
583.92 days. 

Since very eaily tunes, the Babylonians 
associated Venus with the goddess Ishtar, a 
deity who presided over both love and wai. 
Accoiding to legend, as an evening star, 
Ishtar, the goddess of love, bestowed her 
favouis on Akki, a humble irrigatoi, who 
was supposed to be responsible foi reaimg 
Sargon I (C 2360 B. C.) who was found 
floating on the Euphrates in a basket of 
reeds sealed with pitch. 

As the first dynasty of Babylon declined, 
the powei of Assyiia incieased But Venus 
continued to be worshipped as a goddess 
by the Assyrians and especially by the great 
kings Sennacherib (705-681 B.C.), Esarhaddon 
(681-668 B. C) and Assurbanipal (668-626 
B. C.). Venus and other planets continued 
to be associated with gods and goddesses by 
the Hindus and the Romans, but with the 
progiess in the study of astionomy as a 
science, tlie association of the planets with the 
gods and godesses became secondary in 
import ance. There was a final break with 
the ancient beliefs with the Copernican theory 
of the heliocentric system. 

Even before Copernicus, Heraclides of 
Pontiis (388-315 B. C.) and Aristarchus of 
Samos (310-230 B. C.) had piopoiinded the 
heliocentric system stating clearly that the 
apparent motion of the vaults of the heavens 
once in twenty-four hours was due to the 
rotation of the Earth on its axis. The 
Babylonian astronomer Seleucus of Seleucia 
who flourished a century later shared 
this belief. But the great majority of the 
ancient astronomers believed m the geocen- 
tiic system. After Kepler had deduced, 
from the observations of Tycho Brahe, that 
the planets move rottnd the sun m slightly 
elliptical orbits, it was possible to measure 



112 


SCHOOL SC1E><CE SEPTEMBER 1969 


the distances of the planets from the sun in 
terms of the distance of the earth from (he 
sun. Th« maximum elongation of Venus 
from the sun is about 47" which shows that 
the distance of Venus is 0.723 iime.s the as¬ 
tronomical unit, i.e,, the distance of the 
Earth from the sun. 

If the distance of one of the planets from 
the earth is known, it is possible to determine 
the distances of other planets front the sun 
by the application of K.epler'.s third law. 
On the earth the surveyor measures the dis¬ 
tance of an unapproachable object by 
measuring the angle subtended by the base 
line of known length. This trigonometric 
method was applied to the measurement of 
planetary distances in the seventeenth and 
eighteenth centuries by observations on Mars 
and it first gave the correct order of magni¬ 
tude of the value of the astronomical unit. 
The British astronomer Halley suggested the 
use of the transit of Venus across the disc 
of the sun for measuring A.U. Venus moves 
acrosss the disc of sun periodically. The 
periods have alternatively the values 8 years 
and 235 years. The first transit after the 
acceptance of the heliocentric system was 
In the year 1631. Gassendi, a French philo¬ 
sopher, made preparations to observe it but 
Was unsuccessful because Venus passed 
across the solar disc on December 6 when 
it was night time in France. The first transit 
was observed on December 4, 1639 by 
Jeremiah Horrox, a yoimg English clergy¬ 
man. The transits which took place after 
130 years in 1761 and 1769 on June 5 and 
June 3 respectively and again after 113 years 
in 1874 and 1882 on December 8 and Decem¬ 
ber 6 respectively were used by astronomers 
to calculate the angle subtended by the 
equatorial radius of the earth on the sun. 
This angle is known as the solar parallax. 
Astronomers were much disappointed with 
the -Values obtained, as there was a large 


scatter amongst them Later othei methods 
of determining the solar distance were deve¬ 
loped. This value is now very accurately 
known from radar measurements and is 
found to be 149, 597, 892.3±1 km. 

The plane of the orbit of Venus is slightly 
inclined to the plane of the ecliptic, the 
value of the angle of inclination being 3°23/ 
39". If Venus happens to be in inferior 
conjunction, i.e., it lies between the sun and 
the Earth in a straight line, its position is to 
the north of the plane of the ecliptic from 
the beginning of December to the beginning 
of June and to the south of the plane of, 
ecliptic from early June to early December, 
It, therefore, moves across the solar disc 
in December at the ascending node and 
in June at the descending node. The planet 
had the ascending transits in 1631, 1639, 
1874, 1882 and will further have such tran¬ 
sits in 2117 and 2125. It had the descending 
transits in 1761 and 1769 and will further" 
have such transits in 2004 and 2012. As - 
can be easily seen, it passes across the solar 
disc from south-west to north-east in De¬ 
cember transits and from north-west to 
south-east in June transits. The present 
value of the longitude of the ascending node 
measured from the first point of Aries is 
about 76° 14'. 

The orbit of Venus is only slightly elliptic, 
the eccentricity being less than that of any 
other planet. Its value is 0 0068. Its mean 
distance from the sun is 108.16 X lO^'km and 
it goes round its orbit once in 224.70 dayS. 
Recent radar measurements show that the 
planet has a slow retrograde rotation, com¬ 
pleting one rotation in 243.09 days. This 
is remarkably close to the 243.16-day period 
for Which the spin would be in resonance 
with the relative orbital motions pfjtlie earth, 
and Venus. In this resonance, Venus wouW 
ntake, on average, four axial rotations, as 
seen by an earth observer between suecessive 
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close approaches of the two planets. Thus 
Venus presents the same face to the earth at 
each inferior conjunction. The angle between 
the orbital plane and the equator of Venus 
IS only 1.2°. Among the planets only Jupiter 
has a comparatively small inclination of 3° 
between orbital plane and equator, the 
corresponding value for all others being 
greater than 23°. The angle between the 
ecliptic and Venus’s equator is 2.2°. 
In the case of the Earth, the sidereal day, 
i.e, the time the Earth takes to go round 
its axis is a few minutes less than the solar 
day. But in the case of Venus, on account 
of its retiograde rotation, the sidereal day 
IS less than the solar day and is equal to 
116.77 days. 

If a planet has a satellite, it is possible 
to determine the mass of the planet by apply¬ 
ing Kepler’s laws. If Mp is the mass of the 
planet, that of the satellite, a.j the semi¬ 
major axis of the satellite’s orbit and T,* 
the period of revolution, then it can be shown 
that 

_ 

Tast(Mp+M.() 47ra 

where G is the universal constant of gravi¬ 
tation. If M., Me, aE and Te are the 
corresponding quantities for the sun-Earth 
system, we have 

aE^ G 

Te“ (MQ-fMe) " 

These two equations then give 

V T.(a Mo-fMg_ M© 
a,T e^ " Mp ’ 

where the mass of the satellite has been 
neglected in comparison with that of the 
planet and the mass of the planet has been 
neglected in comparison with that of the 
sun. In this way the mass of the planet 
is obtained as a fraction of the solar mass. 
There are various difficulties in accurately 


determining the two observational quantities 
in the case of a satellite. Also this method 
is not available for determining the mass 
of Venus which has no satellites. 

Another method for determining the 
mass of a planet is to study the perturbation 
that it causes in the motion of other planets. 
The method is applicable to Venus which 
causes peiturbations in the motion of 
Mercury. The mass of Venus obtained by 
this method expressed as a fiaction of the 
solar mass ranged from M„/M3,=407000 to 
409300. A very accurate value has now 
been obtained by observing the path of 
Mariner V. The result obtained for this 
ratio is 408522.6 i 0-6 and the mass of 
Venus comes out to be 4.87 x 10®* kg. 

The linear dimensions of a planet are 
measured by measuring the angle subtended 
by the diameter of the planet at the Earth. 
Half of this angle is the angular radius of 
the planet. If D is the distance between 
the planet and s the angular radius, the 
actual radius R is given by 

R-D sm 8 — D.s." sin 

since 8 is of the order of a few seconds. In 
the case of Venus, the difficulty arises from 
the fact that we can see only a part of the 
illuminated surface of the planet which limits 
the measurements to the direction of the 
line of cusps which is the arc of a great circle 
joining the ends of the horns in the cresceni 
phase of the planet. This restriction can 
be avoided by measuring, at the time of a 
transit, the dark disc of the planet against 
the solar photosphere. Sucli measurements 
were attempted on a large scale during the 
transits of 1874 and 1882. The best value for 
the angular radius reduced to a distance of 
one astronomical unit is 8,75". This coupled 
with the value of the astronomical unit given 
above gives 6345.8 km for its radius which 
is now found to be too large. The value 
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obtained from carth-bEised radar measure¬ 
ments has been found to be 6053 km. 

It is mainly through the voyages of the 
AmiricansatelliteMariner Vand the U.S.S.R. 
satellite Venera 4 that mvtch now is known 
about the temperature, pressure and cons¬ 
titution of the atomosphere of Venus. Not 
much was known about the atomosphere 
of Venus before 1931 when W. S. A.dams 
and Th. Dunham, working at Mount Wilson 
Observatory, observed absorption bands 
in the near infrared spectrum of Venus. 
The band heads were situated at 7820.2, 
7882.9 and 8688.7A°. They were later 
identified with bands due to carbon dioxide. 
Later Kinper at the McDonald observatory 
delected very intense bands at 1.038, 1.050, 
1.206, 1.220, 1.43 and 2.00 ix as well as 
several lines of less intensity. But no bands 
of molecular oxygen and watei vapour were 
detected in the spectrum of Venus although 
bands due to neutral and ionized nitrogen 
were detected in 1953. 

The satellites Mannei V and Venera 4 
were equipped with apparatus to detect the 
presence of atomic hydrogen and oxygen. 
Both spacecrafts reported an increase in the 
concentration of hydrogen atoms in the 
upper atomosphere of Venus but neither 
spacecraft reported measurable quantities of 
oxygen atoms. According to Venera data the 
interplanetary hydrogen is 0.01 atoms per 
cubic centimetre. This mcreased to a value 
of lOOO atoms per cubic centimetre at an 
altitude of 1000 km from the planetary 
surface. But according to Mariner V, the 
hydrogen density at an altitude of 10,000 km 
from the planet’s surface is much less than 
at comparable heights in the case of the 
earth. This shows that the temperature 
m the upper atmosphere of Venus is much 
lower than that in the upper atomosphere 
of the Earth. 

The Venera 4 data indicate that 90 to 


95 % of the atmosphere of Venus is made 
up of carbon dioxide. The upper limit 
estimate for nitrogen is about 7% and the 
amount of oxygen about 1 per cent. The 
amount of neon appears to be more thaa, 
that of oxygen but less than that of nitrogen. 
Venera 4 has also indicated a pressure of 
about 20 atmospheres on the surface of 
the planet. Thus the total amount of 
nigrogen and oxygen are comparable to their 
amounts on the earth. But the amoiUit 
of neon seems to be much more than that 
on the earth. The amount of water vapouf, 
according to Venera 4 lies between 0.1 and; 
0.7 per cent. The lower limit is supported by " 
earth-based observations of the microwave 
emission from Venus. This would indicate 
that Venus is a dry planet and the amount 
of water on i t s sui face i s 10- ^ times the amoUiit 
on earth’s suiJace. This amount is quite 
insufficient to explain the formation of the 
clouds which surroimd the planet. 

At a height of about 57 km the Venus is 
surrounded by clouds. The exact compo^ 
sition of these clouds is not known. Some 
people think that it is made of ice crystals; 
Others are of the view that it is composed 
of NH4CI particles which on falling down 
get decomposed into NHg and HCl which 
rise again to form NH4CI. Another view 
IS that they are dust particles. It is remark¬ 
able that upto this height the fall in tempera¬ 
ture is almost adiabatic but above this level, 
the fall in temperature is only about TK 
per km. 

As is well known the increase 111 the re- 
fractive index of neutral gas is proportional 
to density. Knowing the variation in the 
density with altitude, it is possible to measure 
the temperature and pressure. The nearest 
approach of Mariner V to the surface of 
Venus was 4160 km. It could not therefore, 
measure the temperature and pressure of the 
atmosphere of the planet directly and adopted 
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this indirect method of deteimramg its 
temperature and pressure However, because 
of this high density of the atmosphere of 
Venus, the signals sent by the spacecraft were 
refracted or bent to such an extent, as they 
passed though the lower atmosphere of the 
planet, that they never reached the Eaith 
Hence even the indirect measurements of 
Marinei V do not give data for the lower 
levels reached by Venera 4 which soft landed 
on the surface of Venus. But the data for 
the intermediate heights given by Manner 
V could be extrapolated to the surface of 
the planet. However, there is a discrepancy 
between the data for temperaluie and pres¬ 
sure given by the two spacecrafts. Venera 
4 indicates a temperature of 544°K and a 
pressure of about 20 atmospheres at the 
surface of the planet. On the other hand 
the extrapolated data of Manner V corres¬ 
pond to a temperature of 700°K and a pres¬ 
sure of about 68 atmospheres. Neither of 
the temperatures agree with the values of 
temperatuers obtained on the basis of the 
microwave emission from Venus These 
measurements give a surface temperature of 
approximately 650°K on the night side of 
the planet and approximately 750°K on the 
day side of the planet. More recent measure¬ 
ments indicate that the surface temperature 
is 700°K. The fall in temperature with 
height m the lower atomosphere is almost 
adiabatic (about 9°K per km). The mini¬ 
mum of the temperature occurs at a height 
of about 110 km from the surface and is 
about 200°K. Below and above this 
level the temperature increases. There is 
some uncertainty about the pressure at the 
surface but it is certainly much higher than 
20 atmospheres and may be as high as 100 
atmospheres. 

The high temperature and the chemical 
composition of the atmosphere of the planet 
at a pcesure greater than 20 atmospheres 


suggest that the present atmospheie of Venus 
has been formed by chemical interaction 
with the lithosphere. The suggested re¬ 
actions are : 

CaCOa -f Si 02;riCaSi03 -b COg 
M^gSiOg—f-CaCOg -|- SiO^^^CaM^gSigOg COg 

Although the atmosphere of Venus is 
dry, the reactions should reach equilibiium 
conditions on account of the high temperature 
of the atmosphere and surface of Venus and 
should yield carbon dioxide pressuie veiy 
close to that observed 

It IS well known that the phase velocity 
of an electromagnetic wave increases m an 
ionized medium, Simultaneously it means 
an increase in the wavelength. It was ob¬ 
served that during its passage ihiough the 
upper atomosphere of Venus, the radio 
signals fiom Mariner V underwent changes 
in phase and velocity which could be detected 
by instruments located on the Earth. The 
results obtained show that there is a peak 
density 5x10® electrons per cubic centimetre 
at an altitude of approximately 100 kilometres 
from the surface of the planet. This value 
of the electron density is compaiable to the 
peak density m the ionosphere of the Eaith 
during daytime although the height of the 
corresponding layer on the Earth is between 
250 and 280 kilometres. Also the half 
width of the ionized layer on Venus is much 
less than on the Earth. 

These data lead to the conclusion that 
carbon dioxide in the atmosphere of Venus is 
not much dissociated by the solar radiation. 
If dissociation had taken place, the lighter 
oxygen atoms would have diffused to higher 
regions where they would have been ionized 
by the solar ultraviolet radiation creating 
ions and electrons at high altitudes as is the 
case in the atmosphere of the Earth. 

Much above the atmosphere of the Earth, 
there are belts of charged particles called 
the Van Allen belts. These belts consist of 
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protons and electrons which have been 
entrapped by the magnetic field of the Earth. 
There is no such belt .surrounding Venus. 
Tliis points to the absence of a magnetic field 
surrounding Venus. If there is such a field, 
it is certainly less than a hundredth, and 
most probably less than a thousandth, of the 
.strength of Earth’s magnetic field. Direct 
measuring iiastruments also indicate a 
similar value for the magnetic field of Venus. 

Venus IS similar to the Earth in its dimen¬ 


sions and mass. Its distance from the sun 
is of the same order as the distance of the 
Earth from the sun. Presumably it was 
made of the same type of materials as the 
Earth, Yet the two planets seem to have 
evolved along two entirely different lutes. 
Tills is vei-y puzzling. Now that man has 
reached the moon and the results of the 
analysis of the rocks brought from there will 
be available to us in the near future, it may 
be possible to find an answet to this puzzle. 
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Science Education in 
India'-Problems and 
Solutions 

N. K. Sanyal 
D epartment of Science Education 
NCERT, New Delhi 


T he place of science as an, integral part 
of general education at the school level 
has been recognized in this country for over 
two decades Some form of science, as 
general science, environmental science, nature 
study or physiology has always been in our 
school curriculum up to the middle stage of 
schools, in all States. Yet the real quantum 
of knowledge gained has been little and in 
our schools, a de-novo start of teaching 


science commences at the high school stage. 
With the rapid developments in science and 
the constant need of skilled personnel for 
a developing economy and the need to 
build a base for higher research in science 
a new approach to science education at the 
school level has become necessary. Our 
educationists, laymen and government are 
all alive to it and have given consideiable 
thoughts to this. 

Problems in Science Education 

1. Numbers 

It IS natural that there is a tiemeii- 
dous inciease in school population since 
independence as may be seen m Table 1 
This biings the problems of finding 
adequate number of teachers, their training, 
physical facilities and supervision. 

2. Content 

The ever expanding boundaries of science 
doubles the content knowledge in ten years. 
More and more content foice their entry 
into the school curriculum. The pioblem is 
to decide what should be taught at different 
levels of school and how deep 

It IS increasingly being realized that the 
emphasis has to be on the piocess of science 
rather than on the facts of science. Teaching 
of science has to start from the earliest stage 


Table 1 


Year 

Primary 


Middle 



No. of Schools 

' Enrolment 

No. of 
teachers 

No of 
schools 

Enrolment 

No. of 
teachers 

1947 

1,73 lakhs 

141 lakhs 

4 06 lakhs 

_ 

20,4 lakhs 

72,400 

1963 

366 „ 

415 „ 

8 26 lakhs 

— 

81.6 lakhs 

420,800 


Paper read before the-Aeian Seminar of the Chief School State Officers of U.S.A at the NIE campus. 
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Secondary (Enrolment) 


feat 

General Course 

Vocational Coarse 

Total 

1950-51 

13.36 lakh 

1.62 lakh 

14.98 lakh 

1960-61 

31.39 

4.22 „ 

35 81 „ 

1965-66 

50.00 

7.00 „ 

57 00 „ 


of school and continue as a compulsory 
subject thioughout the school course. 

This brings in the problem of adequate 
share of time in the whole curriculum. 

3. Metiwefology 

Closely connected with the vaatness and 
complexity of the content is the method and 
approach to be adopted so that it is meaningful, 
interesting and useful to the child not only 
as a developing citizen but also to develop 
the foundations for deeper study for those 
who go ahead for college education. 

4. Instructional Materials 

Up-to-date textbooks must be developed 
on the lines of the objectives, contents and 
methodology. Adequate support has to be 
given to teachers through companion teachers’ 
guides. Modern andlo-visual aids like charts, 
filmstrips and films have to be developed in 
close integration of the contents. Prepara¬ 
tion of all types of instructional materials 
is a huge task, more so when the regional 
languages are considered through which 
instruction at school level has to be done. 

5. Structure of School 

The structure of school in various stales 
varies leading to a school final or higher 
secondary ranging from ten to twelve yearst 
No single curriculum or course of study 
can be therefore recommended. Every State 
has to adapt from a certain basic model. 
This requires a lot of academic work at 
the State level. 


The following table gives an idea of the 
structure of school in different states. 

Table 2 

I-IV, V-VIII, IX-XI PUC 3 years Degree 
I V, VI-VII, VIII-XI PUC „ 

i-v, vr-viii, ix-x PUC 

I-V', VI-VllI, IX-XI 

I-v, vr-vni IX-X, xi-xn 2 years Degiee. 

6. Training of Teachers 

The training of teachers is the pivot of any 
developmentpiogramme. Not only they have 
to be initially proficient in content, but have 
to be constantly refreshed with new knowledge 
of subject matter and new approaches to 
teaching that are constantly developing. 

7. Physical Facilities 

Learning science at the school stage is 
by doing. For this adequate physical faci¬ 
lities and equipment are neces.sary. 

Programmes for Solutions 

Considering the above problems, re¬ 
thinking on science education has brought , 
some major national programmes fqr tb^ 
improvements briclence teaching m schools. 

1. Curriculum Projects of D. S. E. 

To provide leadership the Department 
of -Science Educatiomn NCERT'Tvars ■establrets- 
ed in 1963 which has taken up the major task 
of developing curricular materials, syllabij 
textbook, teacher guides, equipment, kitej; 
suppieinentary reading materials and other 
audio visual materials. 
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The Department has already prepaied 
syllabi, guidance materials and texts in general 
science for the primary stage For the middle 
stage it has developed complete set of syllabi, 
texts, teacher guides and prototypes of equip¬ 
ment and kits for teaching physics, chemistry, 
biology and mathematics as separate subjects. 

Woik at the high secondary stage couises 
m above subjects as compulsory couises 
as in progress. These aie all being done 
with assistance from unicef and unesco. 

Since education is a state subject, the 
states are exposed to the materials developed 
and they are adapting these on an experi¬ 
mental basis for extensive use at a later dale. 

2. Study Groups 

The NCERT established in 1966 ‘Study 
groups’ established in 20 Universities to 
obtain expert services of the universities 
for identifying basic concepts of vuiious 
science disciplines and present them in a 
logical way for building better undei standing 
in students. 

The Study Groups have completed an 
alternative vaiiant of texts and guide books 
for the middle stage and are now engaged 
in the task of developing materials for the 
high school stage 

3. Panels for Text Books 

While the above curriculum projects are 
engaged m long term plans, the ncert 
established a number of text-book panels 
or editorial boards to develop better text 
books based on the current syllabi. These 
panels have developed text books in biology, 
physics, chemistry and general science. The 
biology books are used in over 600 schools as 
texts, while others are gradually being 
accepted by the States. 

4. National Science Talent Search 

To locate and nurture the gifted student 


of science a national scheme was initiated 
in 1963 as a pilot and extended as a national 
scheme m 1964. Under this scheme each 
year 350 students are selected after quite a 
vigorous test and interview and financially 
assisted for higher studies up to the Ph. D. 
stage. Thiough follow up schemes of 
guidance m summer schools they are cons¬ 
tantly mutiued. 

5. Regional Colleges. 

These colleges were developed in 1963 
by the ncert to piovide for an integrated 
teaching of content and pedagogy for train¬ 
ing teachers of science, technology, agriculture 
and commerce. These colleges are also 
centres for conducting an improved one 
year training programme for science teachers 
on the existing pattern, for inservice education 
and for reseaich in education 

6. Summer Institutes 

To keep science teachers abreast of 
knowledge in subjects and advances m 
metliodology the ncert in collaboration 
with uGc and ncse has been organizing 
summer institutes in physics, cheinistiy, 
biology and mathematics at various Uni¬ 
versity centres, Till 1968, 236 such insti¬ 
tutes have exposed nearly 9,000 teachers in 
diffeient subjects to modem developments in 
science and their teaching. 

7. Crash Programme of Third Five Year 

Plan 

a) Provision of funds for equipment to 
secondary schools —Rs. 5,5 million 
made available to state Govts. 

b) Establishment of State Institutes of 
Science for providing an academic 
and technical arm to State Departments 
of Educaton. 13 such institutes have 
been established. 

c) Long term and short term training 
programmes for science teachers. 
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IBl) 

d) A nmc-tnonth coiileni course at post- 
graclu;Uc level at Universities or State Ins¬ 
titutes orSeience for B. Sc. teacher to improve 
his academic competence. The other is 
four to ten weeks course to update the content 
knowledge of the existing teachers. The 
Stales have established these courses with 
financial assistance from the Centre. 

8. Froject for Rcorj-anisation aiui Expansion 
af ScicnceTeacIting ihroiigliout the School 
Stage. (UNESCO'UNICEF assisted project) 

This UNESCO-UNiCEP Project aims at re¬ 
organising and expanding the teaching of 
science throughout the country with a view 
to develop scientific literacy and scientific 
altitude. 

The mam components of the project arc: 

i) Developntent of new syllabi for science 
courses for the whole school stage and 
for teacher training programmes. 

U) Development of instructional materials. 


text books, laboratory manuals, teacher 
guides and preservice training materials, 
lii) Training of science educators and 
science teachers through short term 
orientation cum refresher courses. 

iv) Equipping key institutions and selected 
schools with necessary science and 
WDi kshop equipment. 

v) Introducing revised syllabi and instruc¬ 
tional materials in a phased manner 
in schools. 

The role of ncert is to develop the new 
syllabi and instructional materials, training 
of the key personnel m States, preparation 
of teacher training programmes and develop¬ 
ment of piototypes of equipment and kits 
related to the teaching materials. The 
materials already developed in the ncert 
are going to be used on a pilot basis m 30 
primary and 30 to 50 middle schools from 
the next school year in various States. So 
far one State is using these on a regular 
basis in all schools. SevenStateshave already 
agreed for the pilot project and discussions 
with other States are in progress, 
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Human Physiology as 
a Discipline in the 
Middle School Biology 

S. Doraiswami, 
Department of Science Education, 
National Council of Educational Researcli 

and Training, 
New Delhi 

V.I. Galakhov, 
UNESCO Expert, 
Department of Science Education, 
National Council of Educational Research 

and Training, 
New Delhi 


rpHE schools in Delhi working under the 
Project for improving Science teaching 
initiated by the Department of Science 
Education of the ncert with the assist¬ 
ance of the UNESCO experts have 
started this year that part of biology dealing 
with study of human organism, namely, 
human physiology. The study of Human 
Physiology as a separate discipline of the 
middle school biology course is new to the 
Indian schools. Hence, there is a need to 
familiarise teachers with the features of the 
course, its objectives, principles on which 


the syllabus is based, its content, its link 
with other biological disciplines (botany, 
zoology and general biology) as well as the 
importance of the subject m the entue system 
of training of an individual and preparing 
him for independent life. 

According to the lecommendations of 
the UNESCO Planning Mission (1964), this 
course is included as the third section 
of school biology course, following botany 
and zoology. As this question is lelated to 
our topic, it is dealt with in detail here 
Modern technological progress has resulted 
in a rapid development of biological sciences 
and the methods of research in the same 
Accordingly, cveiy new branch of these 
sciences emerges and acquires significance 
as an. independeiu science. Thus serveral 
sciences have emerged namely bio-chemistry, 
bio-physics, bio-geo-chemistry, cybernetics, 
bionics, etc. The volume of biological know¬ 
ledge is tremendous and it is increasing almost 
everyday. The important task of a school 
biology course is to sort out, fiom this huge 
mass of data, and discover those basic facts 
and concepts that every young man and 
woman should know at the time of finishing 
school. 

There is also the problem of putting this 
knowledge in a comprehensive and concise 
form and at the same time at the level of 
modern achievements; and to arrange the 
material from simple to complex and in 
accordance with the age of the pupils and 
their ability to assimilate the materials 
taught. 

At present, in a number of countries of 
the world including India, these problems in 
the field of biological education are attemp¬ 
ted to be solved by teaching genera] science, 
or teaching biology as a complex science 
without dividing it into separate disciplines. 

The approach to the study of biology 
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rccomincndcd by iIh; unlsco Plamiiag 
MisMon (1964) is based on the ussumplion 
that ihc structure of school biology coiuse 
slunild he tuunded on such imporltutl di¬ 
dactic principles as systcnuilisationand logic 
of the iiistructumal maicrials while icserv- 
ing Its scientirte aspect and comprehensibi¬ 
lity. It is easier to develop a course in 
biology which takes into account these 
principles of leaching sections of biology 
as separate and individual disciplines. 

Only a logical and .secpicniiai study of 
the specific sciences of plants, animals and 
Innmn organisms will ensure the accluisi- 
lion of firm scientific knowledge of the 
subjects which the pupil could apply later 
in his life. 

Bused on these facts regarding the treat¬ 
ment of biology of plants, biology of animals 
and biology of man as separate disciplines, 
these arc included in the middle school 
biology in the Following sequence; 

Botany (Class VIj 

Zoology (class Vll) 

Human Physiology (Class VIII) 

At the end of class Vll, is included a short 
course on ‘Man and his Enviionment’, which 
is srtggesled as a Imk between the middle 
school course and the high school biology. 

The biology course for classes IX—^XI 
is on General Biology dealing with topics 
of ecology, cell biology and genetics. 

This system ensures a sequential accu¬ 
mulation of systematic knowledge on indivi¬ 
dual disciplines (Botany, Zoology and 
Human Physiology) in the middle school and 
their synthesis m the course of General 
Biology in the senior high school. 

The sequence in which the subjects are 
introduced is determined by the compre¬ 
hensibility of the instructional material 
arranged from the simple to the complex 


and related to the age of the pupils and 
ihcir development. 

The couise of Biology for classes VI-VIII 
i.s ptcccded by a subject of General Science 
in classes 1-V. This coiuse includes Units 
on watci, ail, soil, minerals, and gives an 
elemental y ideaol the life of plants, animals 
and man, his health and hygiene. 

The course of biology in the middle 
schools begins with Botany, because at the 
age of 10 the world of plants is closei and 
under-standable to the child. 

The study of Zoology prepaies the pupil 
for the specific study of Anatomy, Physiology 
and Hygiene of man and by way of compari¬ 
son helps him to learn better, the qualitative 
differences in the stuicture and functions 
of man due to his capacity for woik and his 
social environments. 

In the senior high school, the biology 
course consists of General Biology which 
deals with three levels of biological organisa¬ 
tion of living maltei: 

The Molecules and Cells 

The Organisms and Population; and 

Natural Communities, 

These topics are based upon knowledge 
gained in chemistry, biology, and physics 
in the middle school. Thus Botany, Zoo¬ 
logy, Human physiology and General 
Biology are not isolated from one another. 
Rather, these aie intei-related sections of one 
instructional subject namely Biology, the 
phenomena of life processes including the 
functions of human organism as well as the 
common features and laws governing life and 
evolution of the organic world. 

Returning to the topic of the article, it 
should be emphasised that the immediate 
task of physiology course is to ensure ac¬ 
quisition by the pupils of systematic 
and scientific knowledge of the structure 
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of human body its activities and the hygiene 
of the human organism; and to teach the 
pupils the skill to impiove and preserve 
health. 

In this couise the pupils gel familiar with 
their own bodies and the features of internal 
and external environment which affect their 
health, growth and development. 

Coming aftei the zoology course and 
based on it, the couise on human physiology 
enables a correct assessment of the place 
of man in the animal kingdom; explains 
scientifically his origin; emphasises the 
similarities and differences between man and 
animals caused by his ability to work and 
the environment 

The course of physiology helps to foim 
some concepts of general biologv such as the 
cellular structuie of oiganisms, the link 
between structure and function, metabolism, 
inheritance of characters, reflex acts of the 
nervous system, the humoial (chemical) 
regulation, and evolution of organisms. 
Some of the concepts about the cell, its 
division and multiplication, intia-cellular 
metabolism, the heieditary mechanism, the 
origin and evolution of man are dealt with 
only briefly in this course, as they are dis¬ 
cussed m greater depth in the course of 
general biology at the senior high school. 

Thus the course of physiology on the 
the one hand is based on facts leaint in the 
earlier courses of botany and zoology, and 
on the other piovides extensive factual 
material for further genet alization m the 
course of general biology. 

The instruction in biology in class VIII 
combines the fundamentals of anatomy, 
physiology and hygiene and includes elements 
of histology, embryology, microbiology, 
physiology of work and history of science. 

At the same time the course on Human 
Physiology emphasises the importance of 
studying the functions of the human orga¬ 


nism, The details of anatomy and mor¬ 
phology leaint in the couise of zoology are 
useful in understanding functions. Topics 
of hygiene are given due importance in the 
couise of biology. The oiganisms of ani¬ 
mals and tissues aie used as analogous parts 
of the human body and many audio-visual 
aids are also used in the teaching of this 
subject 

Wherevei possible expeiimenis with living 
objects (expeiiments with nerves and mus- 
cuUii pieparation of hind limbs of fiog, 
observation of blood circulation m the web 
offiog’s foot: cerebrospinal leflexes of the 
Irog and micro-preparations of tissues, etc ) 

Many of the problems become clear to 
the pupils as a lesuU of doing independent, 
simple laborutoiy woik (eg., study of the 
chemical composition of bones; determina¬ 
tion of the effect of saliva on staich paste, 
development, and conditioned reflexes). 

The age of the pupils in class VIII is suit¬ 
able foi this couise, as tcen-ageis they show 
a great intoicst m the activities of then own 
bodies and observe changes in it and causes 
for the same The observation of their own 
body is very easy. For example observa¬ 
tion of the location of bones in the skeleton, 
the shape of muscles contiacted and relaxed, 
ability to taste sweetness while chewing 
bread, obseivation of late of pulse and res¬ 
piration while woiking and resting, This 
method of self-observation gives the pupils 
a belter idea of theii own organism and 
makes them think and creates interest in the 
subject. 

In the couise of learning facts of hygiene 
the pupils will have to do some practical 
work such as rendering first aid in haemor¬ 
rhage and fracture; feeling the pulse and 
applying artificial respiration. 

The syllabus envisages 68 periods and 
consists of eleven topics besides the intro¬ 
duction arranged in the following sequence. 
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1. fntriiduciion 

1 period 

2. A general survey of the 


human body 

7 periods 

3. Organs of movement 

6 periods 

4. Digestion 

7 periods 

5. Blood and blood ciiculation 

8 periods 

6. Respiration 

5 periods 

7. Metabolism 

8 periods 

8. Skin 

I period 

9, The nervous system and 


sense organs 

12 periods 

10. Reproduction m man 

4 periods 

11. Heredity 

5 periods 

12. Human body: its functioning 

as an individual 

4 periods 


Th& topics listed above have all the same 
structure. At the beginning of each topic 
the importance of the organ system is dis¬ 
cussed, then its structure is presented to 
that extent as to understand its functions, 
and lastly its functions arc discussed. 

While studying each of the organs, the 
concept of nervous and humoral regulation 
of their activity is introduced and the ap¬ 
propriate hygiene is also discussed. 

In the introduction, the importance of 
physiology, its link with such sciences as 
medicine, bionics and cybernetics arc stated 
to create further interest in the pupils to 
study the instructional materials. 

The topic “A general survey of the 
human body” is a link between the course of 
zoology and physiology. A brief descrip¬ 
tion is given of the general features of the 
human organism at the level of the organ 
systems, tissues and cells and also the con¬ 
cept of control by nervous and humoral 
regulation of the systems into one complete 
organism. At the beginning of the topic 
the structure of the organs are studied in 
comparison with the structure of the organs 
and organ systems in mammals. 

The next concept to be introduced is the 


structure of the animal cell. The concept 
of the cell i.s a very important one in all 
disciplines of biology. It was dealt with in 
botany and zoology and is continued in 
physiology and refened to again in the 
cour.se of general biology. In the present 
course the peculiaiities of the animal cell as 
compared with the plant cell alone are dealt 
with. The knowledge of cellular structure 
(cytoplam, nucleus, cell mamberane, mito¬ 
chondria and ribosome) is elaborated. 

While dealing with the cells it is important 
to give some idea of the metabolism which is 
enlarged and made more profound in the 
later topics. While studying tissues the 
attention is centred on the properties of 
muscular and nervous tissues. 

The pupils arc made familiar with the 
different types of neurons and with the 
structure of the nervous system of man as a 
whole (the central nervous system, brain, 
spinal cord and peripheral nerves). The 
functions of the nervous system are also 
studied. By using the concepts of reflex 
the pupils' understanding of the nervous 
regulation of the activity of the organism 
is formed. 

As humoral factors play an important 
role in the life of the organism and are closely 
connected with the nervous system the last 
chapter of the topic is devoted to the nervous 
and humoral regulation of the organism. 

In the second topic “The Organs of move¬ 
ment” are studied. The place of this topic 
is deliberately kept after the general survey 
topic. A discussion of the structure of 
skeleton and that of the muscles helps 
to correctly understand the topography 
of the internal organs, the respiratory 
movements, peristalsis, blood circula¬ 
tion and so on. The peculiarities of the 
skeleton of man are described in con¬ 
junction with his upright posture and ability 
to work. Ideas aBout the regulation of 
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work of muscles, muscle fatigue and facts of 
hygiene are introduced in Older to develop 
correct movements in teen-agers. 

The next topics “Digestion”, “Blood cir¬ 
culation” and “Respiration” have a com¬ 
mon structure. The sequence of the topics 
enables a gradual formation of main concepts 
of metabolism and the role of neivous and 
humoral systems in the regulation of the 
work of the visceral organs. 

The functions of the visceral organs are 
dealt with at the beginning of che topic 
on digestion. The idea of regulation by 
conditioned reflex is introduced by citing the 
example of the secretion of saliva. This 
topic familiarises the pupils with the role of 
enzymes and explains the mechanism of 
absorption of nutrients by the blood. In 
this topic of digestion the pupils could 
also get familiar with methods of reseaich 
m physiology (the fixing of fistula in the 
stomach and ducts of salivary glands'). 

In all the three topics the structure of 
different organs is discussed taking into 
account the relevant material of the course 
of zoology and always in relation to their 
functions. These functions of the organs of 
digestion, blood circulation and lespiration 
are studied through such student activities 
as self-obseivation, and rendering of first- 
aid in respiration and haemorrhage. 

Experiments and observations can yield 
valuable material on nervous and humoral 
regulation of the organs of circulation and 
respiration. Unconditioned reflex regula¬ 
tion IS shown m such organs as the salivary 
glands and stomach, the heart and respira¬ 
tory muscles. 

The humoral regulation of the activities of 
the internal organs are discussed through the 
effect of adrenalin on the heart and vessels, 
that of carbon dioxide on respiratory centres, 
gastrin and scretin on the secretion of 
digestive glands. The hygiene of these 


topics envisages the discussion of conditions 
necessary for normal digestion and les- 
piiation. The facts learnt while studying 
internal oigans and organs of movement 
enable a deeper understanding of the nature 
of the metabolic processes. Therefore, the 
’next chaptei is devoted to the general fcatues 
of metabolic processes. Metabolism is 
described as the basic pi occss which deter¬ 
mines life. Its two aspects assimilation 
and dissimilation are considered together. 
The inlra-cellular metabolism of protein and 
carbohydrates as well as the role of enzymes 
and vitamins are next discussed From 
intra-cellulai metabolism one passes on 
to the finding of the importance of the 
metabolism in the organ as a whole. 

"While becoming familiar with the fact of 
transformation of encigy of the nutrients 
into mechanical work of the muscles, the 
energy spent on the work of the internal 
organs and the brain and the mechanism of 
the maintenance of constant temperature of 
the body are discussed. 

At the close of the chapter the pupils are 
familiarised with the secretion of the pro¬ 
ducts of metabolism through kidneys as 
an indispensable condition for maintaining 
the constancy of the internal environment 
of the organism. 

The topic ‘Metabolism’ includes clari¬ 
fication of the importance of endocrine 
glands and their secretion. With the pituitary 
gland, the thyroid and the pancreas, it is 
shown that hormones influence all aspects 
of the activity of the organism by changing 
its metabolism. Diseases caused by mal¬ 
functioning of endocrine glands arc dis¬ 
cussed. 

The hygiene part of the topic is represented 
in a separate chapter on secretion. 

In the topic the ‘'Nervous System’ the 
pupils generalize on the facts relating to the 
role of the nervous system, and learn in 
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ilcUul tlw .structure of the grey and white 
substances of the spinal cord; they also 
obtain, data on sub cortex and cortex and the 
sense organs, 

The theory of the high nervous activity 
is entirely new to the pupils. To facilitate 
a correct understanding of this an element' 
ary idea of the sense organs and the func' 
lions of the cortex, mechanism of regulation, 
and the formation and inhibition of condi' 
tioned reflex according to Pavlov are intio- 
duced. 

Particular attention is given to the word 
conditional cxcitor, which is specific for 
human high nervous activity. 

Facts of hygiene are slated while studying 
relevant sense organ. At the end of the 
topic attention is given to the hygiene of 
mental work and sleep. 

In the topic ‘Reproduction m Man’ the 
important biological question of the devc- 
lopment of the fertilized egg is explained. 
Of no less importance is the explanation of 
the essential nature of family planning 
and its importance to the nation, 

The problems of sex hygiene are not 
included in the syllabus. However, it is 
desirable to discuss them in talks outside the 


ciuricuium time, separately with the girls 
and boys bearing in mind that at this age 
pupils aic very sensitive to what pertains tc 
this topic. 

The topic ‘Inheritance’ is a logical follow¬ 
up to the preceding topic. A brief discus¬ 
sion is held of the laws of the transfer of 
hereditary features and the role of chromo¬ 
somes in this process. The concept of 
genes is introduced as a hereditary unity 
examples arc discussed of the participation 
of genes in hereditary transfer of traits, of 
blood groups and sex in Dmophik and man. 

In the concluding topic the “Human 
body—its functioning as an iadividuar,tlie 
pupils’ knowledge of the unity of human 
organism and the role of the neivous.and 
humoral regulation m the cooidinatioii of 
the activity of the organ systems are genera¬ 
lized. Particular aticntion is given to the 
question of the effects of diseases on the 
normal functioning of the organism, and the 
measures to fight such diseases. 

We believe that the points discussed in this 
paper will help the biology teacher to under¬ 
stand belter the natuie and peculiarities 
of the human physiology course for the 
middle school. 
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T he guide lines for the development of 
any school curriculum must always 
have regard for the needs of society as a 
Whole and the consumer. Once the guide 
lines have been established, the next step 
is to write a syllabus which will provide 
the basic framework for the production of 
textbooks and other teaching materials. 

In 1963, the National Coucil for Educa¬ 
tional Research and Tiaming published 
a General Science Syllabus—Classes I to VIII. 
In the following year the UNESCO Planning 
Mission made a recommendation that science 
be taught as separate disciplines from Class 
VI onwards. This was confirmed by the 
Kothari Commission Report in 1966. 
Accordingly, the 1963 General Science 
Syllabus Classes T—VIII was revised and 
published by NCERT in 1967 as the General 


Science Syllabus, Classes I — V. It should 
be mentioned here that the syllabus was 
rewiitten accoiding to recommendations 
of the Kothari Commission Report which 
stated that the focus of science at this level 
should be on the child’s environment— 
social, physical and biological. The accent 
should be on tbe formation of healthy habits 
and the development of the child’s powers 
of observation 

The 1967 syllabus was reviewed at a 
National Seminar in March 1968. This 
“Seminar of Primary Science Teaching 
Materials’’ included representatives from 
State Institutes of Education and other 
Teacher Training Institutions throughout 
India. In view of the recommendations 
made by this experienced body of educators 
in their Report, the syllabus was again re¬ 
vised and has been published in cyclostyled 
format in September, 1969, under the 
heading Science for Primary Schools, 
Classes I to V. 

The stiuctnrc of the present syllabus 
is based on eleven units which may be 
grouped into thiee major sections, the earth 
related sciences, the physical sciences and 
the biological sciences. Each unit of the 
syllabus is structuied in such a way that 
the children’s knowledge and understandings 
of science are expanded m a logical, sequen¬ 
tial fashion throughout their primary school 
yeais. 

There are many divergent views about 
the nature of science and the ways by which 
it may be taught. Some believe that science 
IS simply a collection of theories and prin¬ 
ciples, facts and formulae, techniques and 
terminology. This, however, is not the 
true concept of the nature of science, for 
besides these important facets of the subject, 
there are also basic attitudes and approaches 
which must be considered. These two 
complementary -aspects of science may be 
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described iti terms such as content and 
method, or product and process. 

In past generations, science has been 
taught in our schools through the assimila- 
Uoiithe by child, of the products of science. 
Teachers have leaned heavily on the talk 
and chalk method of instructing their pupils, 
who have merely become semi-rcceplive 
sponges for an accumulation of facts and 
figures, theories and formulae. With the 
rapid development of technology in the 
last generation, there is an increasing need 
for trained scientists and technicians in all 
countries. Unfortunately, the number 
of high school pupils entering these fields 
has remained at a very low level and it soon 
became obvious to educationalists the world 
over, that science teaching techniques needed 
a very close scrutiny. 

During the last decade, science educa¬ 
tionalists thioughout the world have carefully 
examined syllabuses and textbooks, methods 
and teaching techniques in all areas of the 
school stage. Universally, it was found 
that the education of the child prospered, 
when he was actively engaged in practical 
learning situations. The enquiry method or 
discovery approach has become the base 
on which current science education pro¬ 
grammes are being built. 

Teaching Materials. 

At all levels, whether it be in the infant 
room of a primary school or graduate class 
at a University, the important catalyst in 
all learning situations, is the teacher. It 
■was. early realised by NCERT staff that if 
the new,syllabus is to be used effectively 
in primary schools throughout the nation, 
practising teachers must be re-orientated 
towards the new techniques and future 
students of the teacher training schools must 
have an, adequate source of teaching mate¬ 
rials., With ip- mind, the staff of the 


Department of science Education, NCERT, 
in conjunction with an overseas consultant, 
produced a Tcachci s’ Handbook of Activi- 
tie.s for Primary Schools. This Handbook 
has been printed in three volumes and should 
give teachers and students alike, invaluable 
guidance for their leaching of science in 
prinrary schools. (General Science for Pri¬ 
mary Schools—A Teacher's Handbook of 
Activities Vols 1—3, 1967-69). 

The tiandbook has been written for 
primary school teachers m India and has 
regard for teaching in the regional languages 
of village or city schools in rural or urban 
evironments. The writing panel realised 
that science could be effectively taught at 
the primary school level with simple equip¬ 
ment which may be readily obtained fiom 
the child’s environment. Consequently, 
most of the activities described in the text 
do not lequire special laboratory equipment, 

The writers also lealised that many 
children leave school oven before they have 
completed their primary schooling. So they 
have attempted to give as much information 
as possible to enable the teacher to impart 
to his pupils, as much knowledge as possible 
in their early years at school, about the 
physical, biological and earth science aspects 
of the environment with particular emphasis 
on health and hygiene. 

In order that the Handbook may be pul 
to the most effective use by the teacher, it is 
important for him to thoroughly read and 
rc-read the introduction to the Handbook- 

Why Teach Science to Children? 

This question is posed on the fiist page 
of the Introduction and the answer is effec¬ 
tively' given in the text that follows. It 
accurately interprets for the teacher in simple 
terms, both the ‘product’ and ‘process’ of' 
science. It explains that while the ‘product’ 
of science which includes a knowledge of; 
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facts and formulae, concepts and principles, 
teohmqiies and terminology, is well known 
the world over, it is the ‘process’ of science 
which has become the corner-stone of modern 
science education. 

Science processes include all the ways by 
which scientific concepts and piinciples may 
be examined. Such processes include ob¬ 
servation and measurement, inference and 
prediction, classification and the recognition 
of time/space relationships. In all, some 
fourteen or fifteen scientific processes may 
be identified, but many of them are appli¬ 
cable only at the higher secondary school 
level. 

.'The activities desciibed in the Teacher’s 
Handbook, include all of the scientific pio- 
cesses which are valid at the primary school 
level. These activities arc pupil centred 
and unless a teacher is willing to allow his 
pupih. to actively participate in piactical 
learning situations, , then the complete 
philosophy of-the Handbook is lost. 

Textbooks for Children 

Once the basic framework of the syllabus 
had been laid and the roof and walls of its 
strnctrue established in the Teacher’s Hand¬ 
book, tbenext step was to put in the joineiy 
and lining for the comfort of the consumer. 
The consumer of course, is the pupil, the 
joinery and lining being the textbook for the 
pupil’s use. 

There is no textbook for Classes 1 and 
II because children at this level are j'ust 
learning to read. It is possible that readers 
could be published for these classes with 
a slight science bias, but this is a matter foi 
future exploration and development. While 
the writing of the Class 3 textbook com¬ 
menced m 1968, the true stiucture of the 
text did not emeige until early 1969, when 
writing activity was renewed. In late April 
an'experimental textbook entitled Slimes is 


Doing was printed by the Department of 
Science Education. This text contained 
five representative chapters of the cofuplete 
textbook. Its purpose was to test the 
language level and suitability of activities and 
equipment in a limited number of Delhi 
piimary schools. 

The title Science - is Doing emphasises 
the underlying philosophy of the textbook, 
which endeavours at every possible stage, 
to involve the pupil in piactical investiga¬ 
tions for himself. The equipment used for 
these practical activities may readily be found 
in the child’s village or city environment. 
Above all, the activities had to accommodate 
the 8'Or 9-year old child’s ability to co-- 
ordinate hand, eye and mind. 

It was also recognised that a content 
summaiy had to be included for the child’s 
benefit at the end of each chapter. Further¬ 
more, questions were needed which would 
enable the child to test for himself, what he 
had learned. 

Testing the Textbook 

As mentioned previously, a half volume 
of the textbook was printed for experimental 
testing in a number of local schools. Three 
schools were subsequently chosen for this 
experiment and the teachers of Class 3 
pupils were brought together at the Depart¬ 
ment of Science Education, NCERT, for 
discussions concerning the proposed class 
room testing. 

It was obvious at the outset, that 
a vei age classroom teachers have considerable 
dillicully in assimilating and understanding 
the new methods of science teaching. Sub¬ 
sequently, when the book was tested in the 
classroom, tJie writers were requiied to exa¬ 
mine their own philosophies by doing mtich 
of the teaching themselves. This turned 
out to be a blessing iu' disguise because it 
gave tlie witters an,even.closer imderstapding 
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of the intellectual abilities and needs of 
children of this age. 

Before the textbook was used iu each 
class a short objective test was given to 
each child, in order to assess his knowledge 
of the subject. After the chapter had been 
taught though class discussion and group 
or individual activities, the same test was 
given to each child in order to assess what 
he had learned. While the results indicated 
that this kind of evaluation was exremely 
useful, it also showed the writers that each 
test had to be very carefully constructed and 
worded, if the work was to be effectively 
evaluated. It is obvious, that for future 
evaluation procedure, expert advice is needed 
from practising educational psychologists 
who have a good knowledge of primary 
school children,. 

In the beginning, the children’s reaction 
to the novelty of discovering things for 
themselves through experimental activities 
brought about an apparent discipline prob¬ 
lem in the class, because of the increased 
noise from group discussions and movement 
about the room. The class teachers were a 
little unsettled by this change in classroom 
atmosphere and it required further discussion 
to reassure them that this change was in 
fact beneficial. The reaction on the part 
of the teachers also gave ncert staff an 
insight into a practical problem which 
Would confront practising teachers and 
school inspectorate alike, Their own atti¬ 
tudes towards classroom behaviour and 
discipline would have to be modified, if the 
enquiry approach to primary science teach¬ 
ing’ throughout India was to he successful. 

The direct involvement of the writers in 
the classroom testing of their textbook had 
additional benefits. Besides indicating that 
some of the concepts underlying a number 
of activities were too difficult for the chil¬ 
dren, particularly in the physical area, the 


classroom tests also showed that some 
aspects of science which had been left out 
of the Class 3 syllabus, were of great interest 
to children of this age. Accordingly, small 
changes were made in the syllabus to ac¬ 
commodate this interest that had been dis¬ 
covered in the children. The particular 
instances refer to the handling of magnets, 
magnifying glasses and mirrors by the 
children; something that was almost acci¬ 
dental. On careful examination of a repre¬ 
sentative number of overseas text books, it 
was discovered that many texts included 
activities involving magnetism, light and 
electricity at this age level. 

The accompanying photographs were 
taken during the course of the experimental 
classroom teaching and will give the reader 
some idea of the reaction of the children 
to their practical activities. It will also give 
some idea of classroom organisation. In, 
order to gain the maximum benefit from 
group activity, it is necessary to rearrange 
the pupils’ desks or tables into groups of 
four or five. In village schools where much' 
of the teaching may be done outside, the 
children may be re-arranged into groups of 
four or five. 

It is clearly understood by the writing 
panel that the results of these brief classroom 
tests of the textbook are not the final word, 
and that further testing and evaluation must 
be carried out on a nation-wide scale, in 
order to establish the true needs of both 
children and society. Ideally, evaluation 
committees should be set up in each State, 
which should test the textbooks over a 
period of two or three years with feed-back 
to a panel of Writeis who would then rC'# 
write the textbooks and perhaps the sylla¬ 
bus in the light of this evidence 

Practical and Textbook Guide 

It was mentioned earlier in this article 
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that the teachers had difficulty in under¬ 
standing the basic classroom needs of the 
enquiry approach to primary science edu¬ 
cation. The wilting panel recognised that 
additional assistance for the teacher was 
needed if he was to effectively use the new 
textbooks. Accordingly a Practical Manual 
and Kit Guide for Class 3 was written and 
published for the assistance of teachers. 
This guide contained descriptions and illus¬ 
trations of each activity and a series of ques¬ 
tions which the teachers could use to both 
guide the children’s practical work and sti¬ 
mulate their minds along the right lines. 
This guide was discussed by both teachers 
and teacher-educators and was subsequently 
rewritten. The revised version detailed the 
philosophy underlying each unit and showed 
how each major idea or concept was to 
be treated in the textbook. Furthermore, 
it gave detailed information about the aims 
and objectives of each activity and included 
directions which the teacher himself might 
find useful m teaching his class. The 
questions were revised and model answers 
were given to each one, for the guidance of 
the teacher. 

It is expected that this guide will be 
further modified in the light of practical 
classroom use during the fiist two years of 
the Pilot Programme in State schools. 

Leadership Training Courses 

The success or failure of any new syllabus 
and its accompanying textual materials 
stands or falls on the effectiveness of teacher 
traimng programmes. The necessity for 
such programmes had been early recognised 
by NCERT and provision was made for a 
leadership traimng course to be held on the 
National Institute of Education Campus, 
New Delhi in June, 1969. The object of 
the Course was to acquaint teacher-educa¬ 
tors in the State Institutes of Education with 
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the new philosophy of science education and 
the new materials. 

The Course took place as planned in 
June last, being attended by 17 participants 
from 10 different States. To some extent, 
the iion-participalion of 7 states was a little 
disappointing, but transport difficulties at 
that time within the countiy and the late 
delivery of some invitations were contribut¬ 
ing factors. Since many intending partici¬ 
pants were delayed for various reasons, the 
programme for the Course was redrafted 
on June 3 by a committee of NCERT staff 
and consultants, assisted by Course parti¬ 
cipants. This involvement of participants 
m the direction of the Course became a 
guiding principle and greatly assisted the 
interchange of ideas between staff and parti¬ 
cipants. 

The first week of the Course was devoted 
to an exposition of the philosophies and 
presentation of materials produced by 
many elementary science programmes both 
at home and abroad. A number of films 
illustrating such programmes in action in 
classroom situations, gave an insight into 
the workings of many projects. The morn¬ 
ings were devoted to lectiire/dcmonstration^ 
discussion sessions including participation 
in practical activities and the viewing of 
films. The afternoon programmes involved 
participants in the practical activities of the 
Class 3 textbook and a review of the Tea¬ 
chers’ Handbook and the Class 3 Practical 
Manual. While the activities merely repeated 
what the children were expected to do in 
classroom situations, the dicussions that 
followed took place at the teacher-educator 
level. The objectives of each activity were 
not taken for granted and there were many 
stimulating arguments and discussions 
during the week. 

The Course was fortunate in having 
three full time overseas consultants, all 
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of whom were conversant with elementary 
science programnres. While their experience 
gave a useful direction to the Course, the 
staff of NCERT and the participants from 
the States, showed that they were ntorc 
than conversant with modern methods of 
science education. While a large number 
of overseas consultants attended the Course 
from time to time and gave very useful 
lectures or demonstrations, there was a 
feeling, that in some cases the content of 
their exposition was rather removed froiP 
the elementary science scene. Nevertheless, 
the repeated exposure to new ideas and 
philosophies gave additional experience to 
all present. 

Among the films that were shown included 
three excellent titles which were enjoyed by 
all present, both for their presentation and 
the new ideas that they contained. The films 
were entitled “The Growing Mind”, “Stages 
of Learning” and “How Children Think”, all 
produced by BBC/TV. By demonstrating a 
number of original experiments from the 
research of -the famous Swiss psychologist 
Piaget, the films gave an excellent appraisal 
of the the need for textbook writers, 
otirriculum developers and educationa¬ 
lists in general, to understand the stages 
of - development of the intellects of primary 
school children. The impact of these films 
was so great, that all present recommended 
that films of this kind, depicting Indian 
children being taught by Indian teachers 
in Indian schools would be invaluable to 
teacher-education throughout the nation. 
It is hoped that this challenge will be 
taken up by the authorities concerned. 

" During the second and third weeks, 
the participants had the opportunity of re¬ 
viewing the activities that would be incor¬ 
porated in the Class 4 and- 5 textbooks. 
The were also acquainted with the materials 
that had beeii-produced 6y Ncert for theit 
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middle school science teaching projedf 
and study gioup programmes. The various ’ 
kits which had been designed to accorii?, - 
pany the former tiNESCo-aided programme,/ 
were demonstrated to the participants 
who were informed that prototypes were 
available to each Stale which wished -tb . 
manufacture its own equipment. 

Another highlight of this period of the ' 
Course was participation in a series of 
lecture/practical periods of science process 
learning, conducted by the participants 
themselves. Each of these periods waS- 
accompanied by animated discussion which, 
testified to the effectiveness of this kind of 
teaching method at the teacher-educator 
level. Many commented favourably on the 
heavy practical bias of the Course and- 
stated their preference for this approach 
over the old talk and chalk, lecture methods 

The NCERT staff also felt that it was' 
important to emphasise the need for teachers' 
to be able to improvise and make their 
own simple science equipment. To this' 
end, 8 models of such equipment had been 
designed and produced in the Central 
Science Workshop. For three mornings 
the lecture room was turned into an im¬ 
provised-workshop with simple wooden 
benchhooks in place of vises and tablef 
in place of benches. Using readily available' 
hand tools, such as saws, hammers, hand-- 
drills and screwdrivers, all of the participants 
and many of the staff of the Department 
of Science Education made two or 'three'" 
pieces of equipment during the time available; j 
The sitccess of this ‘workshop’ periotS*; 
was indicated by the unanimous recom-' 
mendation, that -ncert produce a Hand-' 
book which would give the plans and speoi-. 
fications for about 40 such models and would, 
include some information about the car6' 
and maintenance of hand tools. 

The last week of the Course was given 
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the State Institutes of Science Education 
and Institutes of Education according to 
the equipment list drawn up by ncert. 
Furthermore, it was also agreed that 
UNICEF would supply a limited number 
of Teacher Training Colleges and Teacher 
Training Schools In each State with equip¬ 
ment according to the schedule. The States 
who agreed to participate in this Pilot Pro¬ 
gramme would then select the key institu¬ 
tions most suitable to its purpose and nomi¬ 
nate at least 30 primary and 30 middle 
schools, preferably located near the key 
institutions. The Class 3 and Class 6 mate¬ 
rials developed by ncert would be made 
available to the States for translation and 
enough books would be printed in each 
State to support the Pilot Programme in the 
selected schools. Assistance would be 
given by Government and unicef to meet 


the cost of translation and printing. 

The Pilot Programme would be tried out 
in the States on a limited experimental 
basis, with periodic evaluation and 
feed-back to State Institutes of Education 
and to NCERT with a view of improving 
both syllabuses and textual materials. 

In many ways the delay in this Project 
is a blessing in disguise, because the Pilot 
Programme will now give each State ample 
opportunity to experiment with and evaluate 
the NCERT materials which may then be 
rewritten in the light of their experimental 
use. The important thing to remember is 
that a syllabus and its supporting textboks 
are only as good as the teachers who use 
them. Therefore, a great deal of emphasis 
must be placed on teacher training and 
in-service training for teachers throughout 
the whole period of the Project. 
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I N a society where the pace and niagni- 
titude of change and growth of 
knowledge is very rapid, we can not stick 
to an educational system which stresses 
‘fact digesting’ rather than ‘fact finding’. 
Students in our countiy are supplied with 
certain facts in a stereotyped manner 
and they are expected to ‘digest’ them without 
asking ‘hows’ and ‘whys’. A list of twenty 
to twenty-five experiments is hanging on 
the walls of the school laboratory, and 
students perform them in a very conven¬ 
tional manner with the help of apparatus 
about which they know little. But is that 
a Science? Science is certainly not a bundle 
of facts handed down from one generation 
to anothei. Us purpose is not even to per¬ 
form twenty or twenty-five experiments in 
the laboratories for examination purposes, 
and It is not even a mere collection of 
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the data, but as Fitzpatrick Frederick 
wrote: “Science is a cumulative and 
endless series of empiiical observations 
which results in the formation of concepts 
and theories, with both concepts and 
Ihcoiies being subject to modification in the 
light of fuitlier empirical observations. 
Science is both a body of knowledge and 
the piocess of acquiring and refining know¬ 
ledge.” 

Every child by nature is an experimenter. 
He is curious and sensitive to his environ¬ 
ment and wants to test and judge every 
phenomenon. Even outside the school he 
is constantly experimenting Many young 
people would like to design apparatus and 
to test the ideas proposed in, their class¬ 
room. They want to know how density 
decreases with the i ise m temperatures and 
how solubility of a substance i.s affected by 
temperature ? Obviously such questions 
can better be answered in the laboratory. 

A curious child’s mmd goes still further. 
He raises the queslions, “Is there any effect 
of coloured light on the growth of plants”? 
Sacha student can not be satisfied by simple 
drab and formal classroom acliviUes. To 
help the child in finding out airswers to such 
questions, a teacher should be resourceful. 
A teacher should give students a chance 
to learn to question and not to take 
things for granted. With challenge and 
questioning, starts the process of scientific 
and creative inquiry. Teachers should 
encourage the students to test their hypo¬ 
theses and then to find out the facts them* 
sieves. Conducting experiments means 
challenging the facts and finding out ans¬ 
wers for oneself, this process of challenge 
and guessing and finally testing, gives the 
student a profoundjoy and satisfaction. 
He finds for himself what others say in 
pedestrian textbooks. Habit of enquiry, 
discovery, experimentation, exploration, 
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mampiilatingand investigating lie at the base 
of science and science teaching. Researchers 
in the field of psychology have found 
that this joy of experimentation is most 
important in becoming a productive scien¬ 
tist. 

Science Education and Investigative Projects 

There is a common saying, “Teaching is 
more than the presentation of facts. Teach¬ 
ing is the development of new ways of 
thinking—a development that reveals it¬ 
self in increased skills with the problems of 
life, in new habits of action, in more desi¬ 
rable attitudes, in a benefitted personality 
and in an improved character,” That is 
really an objective of education in general. 
Science education, too is fruitless until it 
brings a proper behavioural change in the 
students. The present educational system 
(with particular reference to science edu¬ 
cation) is most conventional in nature and 
does not provide the students an environ¬ 
ment for their proper development. Ac¬ 
cording to Education Commission Report 
(1964-66), “school curriculum is inadequate 
and outmoded, and not properly'designed 
to meet the needs of modern times.” It fur¬ 
ther states, “there is a good deal of useless 
educational lumber in the school courses 
vfhich can be safely discarded, and more 
dynamic and stimulating methods can 
be developed for presenting essential 
knowledge”. Science education, too needs 
outright change. It requires reappraisal. 
The major step towards strengthening science 
education according to the Commission is 
“recognition that teaching and research 
are; mutually supoorted activities, High 
quality teaching in science is possible only 
in a research environment. Research is 
essential for its substenance”. Thus investi- 
gatiye projects should, be made part and 
parcel of secondary and higher secondary 


levels. Simple experiments are found moie 
fruitful because they are not only simple 
but within the purview of the school labo¬ 
ratory too. Anyhow complex phenomenon 
too can be investigated with the help of 
college or university laboratories. 

Thus investigatory Projects are those 
projects, “which involve a reach to under¬ 
stand the unknown, and being with a 
question”. Here are some Investigative 
Projects for the students of Secondary and 
Higher Secondary levels. 

Physics 

1. Is there any mathematical relation¬ 
ship between the bouncing percentage and 
density of surface material when a steel 
ball bounces on a solid steel surface, a rubber 
surface, a wooden surface, a card board 
surface, a linoleum surface or others. 

2. Does the tensile strength of hairs 
of different species vary? 

3. If you let a drop of ink fall from a fixed 
height it makes a spot peculiar to its nature; 
How many questions arise at this point. 
In what ways do the number of rays vary 
with the distance the drop falls? Can the 
height of the fall be related to the length 
of the rays, the forms of the rays and 
diameter of the mam body of the 
sputter ? 

4. If a body is dropped from a fixed 
height in different viscous liquids, does any 
relation exist between the velocity of the 
body to the densities of liquid? 

5. Does the capillary action in different 
liquids vary? 

Chemistry 

1. Does any mathematical relation exi^_^ 
between water of crystallisation and mole¬ 
cular weight of a crystal? 

2. Does the temperature effect the sold-, 

bihty of substances? • ‘ 
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3 : Does the temperature effect the crystal 

growth? 

4 . To study the effectiveness of dehydrat¬ 
ing agents. 

5. To study the miscibility of two com¬ 
pounds (liquid), 

(a) Miscibility of alcohol and watei. 

(b) Miscibility of phenol and water. 

(c) Miscibility of cat bon tetrachlo¬ 
ride and water. 

Biology 

1. Does the coloured life effect the growth 
of bacteria. 

2. To study the ratio between the growth 
of length and diameter of different plants. 

3. To study the effect of gravity on roots. 

4 . To study the effect of temperature on 
the-aotivity of yeast. 

5. To study whether bacteria grow best 
where it is moist or where it is dry. 

But it IS important to note that Investi¬ 
gative Projects are not merely the set of 
questions put by the students or teachers 
m the class, but they involve the study of 
nature too. Collecting all kinds of plants 
available in the neaiby locality and arrang¬ 
ing them in a Botanical older is a very good 
project. With the help of the local munici¬ 
pality office, students can find the popula¬ 
tion growth per year m the locality. Students 
can also study on butterflies, spiders, honey 
bees, cockroaches, beetles etc. Through 
such studies students can being themselves 
near to nature and can understand natural 
laws properly. 

With the help of the school obser¬ 
vatory, the students can display the obser¬ 
vations daily on the notice board. It will 
give proper information to the students 
about the time of sunrise, sunset, maxi¬ 
mum temperature in 24 hours, total rain¬ 
fall in the last 24 hours. It will mean mak¬ 


ing them more sensitive to the environ¬ 
mental stimuli. Young astronomers 
should be guided to improvise their own 
instruments. That will develop confidence 
and j'oy in them. 

Selection of Investigative Projects 

A Proper selection of Investigative Pro¬ 
jects is extremely important. The follow¬ 
ing facts should be kept in mind while selec¬ 
ting Project for Investigation.. 

1. Projects should be selected accord¬ 
ing to the standard of the students. Stu¬ 
dents must be familiar with the background 
of the projects. If in an investigation a 
certain formula is to be used, the student 
must know about it fully. 

2. As stated previously, problems should 
be as simple as possible. They must fall 
within the purview of school laboratory, 

3. All the apparatus used in the Project 
should cither be available from the school 
laboratory or be improvised by the students 
themselves. In special cases apparatu.s can 
be borrowed from the neighbouring schools. 

4. In the ptesent state of affaiis we can¬ 
not afford costly projects, hence the cost 
should not exceed, in most of the cases, Rs. 
5/- per student. 

5. While selecting Investigative Projects, 
the students should not remain passive. 
Students too have original ideas and their 
participation and involvement is crucial 
for developing a scientillo .spirit and a 
scientific attitude. A teacher .should think 
with the students nncl jointly they should 
perform the experiment. 

6. Projects should not con.sume to much 
time. An investigation needs two things; 
patience and labour—two things that 
children usually lack. So while selecting 
Projects it should be kept in mind that the 
results should be obtained in a short period. 

7. Students should be encouraged to 
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establish their owa laboratories at their 
homes where they may utilise their leisure 
in. a fruiirul way. 

Keeping the above facts in view the 
teacher should select the projects and dis¬ 
tribute them to the students according to 
their choice. For those projects which are 
complex and time consuming, a group of 
students should be selected. After the dis¬ 
tribution of projects the greatest task of a 
teacher lies ahead, that is guiding the stu¬ 
dents. 

Giving Directions for the Investigative 
Projects 

While guiding the students, the teacher 
should consider himself simply a guide and 
not an experimenter. Projects should be 
well guided. Improper guidance leads either 
to failure or boredom. Directions can be 
given orally as well as on the black-board, 
The following example will illustrate the 
proper use of the black-board. 

Experiment: Is there any eSect of an elec¬ 
tric field on chemical reac¬ 
tions 7 

Materials 

req^uired: (1) Sugar 

(2) Beaker. 

(3) Enamelled wire 

(4) D.C. supply. 

Procedure: (1) Prepare saturated solu¬ 
tion of sugar. 

(2) Suspend a crystal of sugar 
in solution. 

(3) Around the beaker wind 
the enamelled wire. 

(4) Pass fixed amperes of 
D.C. from supply. 

(5) Weigh the crystal after 
every 12 hours and see if 
there is any change in the 
rate of crystallisation. 


(6) For standardisation, ano. 
ther saturated solution 
of the same strength can 
be prepared. 

(7) Increase the current and 
see the effect. 

Such types of instructions will just show 
the path to the student. While performing 
an experiment the student should feel the 
difficulties a scientist encounters while 
performing an experiment. Professional 
scientists devise their own experiments, 
meet difficulties as well as success, try 
things out with a watchful eye and a criti¬ 
cal mind. A student too should feel like¬ 
wise. 

Students should be made aware of the 
precautions they have to observe. While 
doing experiments with poisonous insects, 
special precautions should be taken. Highly 
dangerous projects may be avoided. 

Reporting the Projects 

When the student has performed the ex¬ 
periment and has drawn the conclusion from 
the data obtained, he should be asked to 
write the report in detail. 

The detailed report of the project must 
touch all the necessary aspects of the ex¬ 
periment. It must include the hypothesis, 
name of the student, material used, sources 
from where the material was collected. If 
any apparatus is improvised its procedure 
should be written. The procedure of the 
experiment must be written in detail. If 
the student has used a formula,he must write 
from where it is obtained and how it is de¬ 
duced. Then comes observation. All the 
data collected should be displayed in a 
most appropriate manner. The result ob¬ 
tained should be expressed properly. 
Graphical representation of the data is 
essential whenever possible. In conclud¬ 
ing remarks, the student may point out the 
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possible reasons for the results obtained seen in nnPt.V. 

and may suggest research ideas for fur- scientists Lelnn I ! 

ther investigation, If possible the overall ^ abilities. 


cost of the experiment may be reported. 
The report should include a comprehensive 
bibliography as well. 

Such a project report will add to the 
experiences of the child. When all the 
project reports are collected, they should 
form one volume and should be kept m 
the school library for reference. 

Investigative project aim at not only 
producing Nobel Laureates and topmost 
scientists but they essentially aim also 
at producing discoverers who feel pro¬ 
found satisfaction in conducting and testing 
certain phenomena. This philosophy of 
investigative projects will go a long way in 
developing creative talents, (Raina and 
Piyush, 1969), and critical and problem 
solving thinking and, m this way it will help 
the realisation of essential objectives of 
science education. The author of this paper 
who has launched this movement^ of In- 
vestivative Projects in his school has really 
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The Shipworm 
A Timber Destroyer 
par Excellence 
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4 ubiquitous pest of all sorts of timber 
in the sea, teredo, the shipworm, casues 
daliriage valued at cfores of rupees every 
year all over the World. Hidden protectively 
within the heart of both fixed and floating 
timber and hardly visible from the outside, 
these borers work silently and steadily 
along the entire coasts of the continents and 
islands. Effortlessly rasping with their 
shells, countless batteries of these living 
drills reduce to soft saw-dust timber of even 
the most resistant types and amazingly 
draw a major part of their nourishment from 
the hard cellulose. The accounts of the 
voyages of Dampier, Cook and Drake reveal 
that these early navigators dreaded the 
shipworm. Columbus lost all the ships of 
fourth voyage, as a result of the ravages of 
the shipworms. 

For all maritime nations this innocent 
looking, soft, naked creature has been 

' Reprinted from seafood exporter May, 
1968 Vol. III. (1) : 57 to 63 


enemy number one. Though present in all 
the seas of the world, the shipworms are 
particularly destructive in the warm waters 
of the tropics where they eat up indiscrimi¬ 
nately every material of plant origin. In 
India along millions of rupees are spent 
every year for replacement of piles, jetties, 
fenders, boats, catamarans etc., destroyed 
by these organisms. 

Only remotely resembling a work and 
wrongly named shipworm, the teredo is in 
reality not a worm but a distant cousin of 
the clams, oysters and mussels and belongs 
to the group of soft-bodied animals known, 
ns molluscs. Unlike its relatives, teredo has 
a long, slender and soft body and the bivalve 
shell has lost its protective function and has 
become small but highly specialised as a, 
drilling tool. Its unusual life within the 
wood has thus made it very different from- 
its relatives both in appearance and in 
habits. The naked body projects out far 
beyond the shell valves and the only visible, 
parts of the shipworm in its natural condi¬ 
tion are the two tubes at the posterior end, 
of the body called the siphons used for the 
inlet and exist of the water into and out of 
the body. These are seen displayed through 
small holes which represent the points of 
initial entry of the creatures into the wood, 
The shell functions as a mechanical drilling 
organ and since the animals feeds on the 
saw dust thus produced, it can be considered 
as a feeding organ as well. Armed with 
numerous rows of sharp, microscopic, rasp¬ 
like teeth and powered by two unequal 
adductor muscles these valves are capable 
of rocking back and forth on special knobs 
for tunnelling into even the hardest varieties 
of limber. The foot has become almost 
circular and can be protruded forwards 
through the widely gaping shell and is used 
as a sucking disc at the blind end of th?- 
burrow while the animal is at work with the 
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shell. The creature on entering u wooden 
structure feeds on the very material it boies 
into and grows in length with astomshing 
rapidity. 



Teredo—ihe Shipworm 

Entombed within the wood, the ship- 
worms spend their entire adult life in the 
darkness of the burrows, the only commu¬ 
nication with the ambient water being 
through the pair of siphons. The animal 
fills its burrow and the soft outer skin called 
the mantle secretes a calcareous tubing 
between the body and the walls of the 
burrow to protect its naked body from any 
noxious substances present in the timber. 

Rarely among animals, teredo is endowed 
with this remarkable power to convert cellu¬ 
lose into assimilable glucose with the help 
of enzyme systems. 

A pair of calcareous pallets present at the 
posterior end of the body are used as conical 
plug sealing the circular opening of the 
borrow when the siphons are withdrawn. 
This is to protect the soft animals within the 
burrow from poisons and enemies and to 
seal them off from ouside in times of ex¬ 
posure. These unusual shields have faithfully 
saved their owners from extefruil danger. 

While a few species of shipworms can 
grow to a length of more than a metre and 
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the thickness of the index fingei, the majority 
are small, haidly moie than a foot in length. 
Despite their smallness their reproduction 
and giowth rate aie unbelievably rapid and 
the density of settlement is high. Attaining 
sexual maturity at a very early age, they 
produce generations of off-spiing in a single 
year in the favourable warm water of the 
tropics. In the tropics even the most resis¬ 
tant kinds of timber succumb to the 
concerted onslaught of successive waves of 
bores. 

The shipworms get distributed far and 
wide through their free swimming larval 
stages. While some species liberate eggs 
into the water where they get fertilised and 
develop into tiny larvae called vcliger.s, 
others brood the eggs within their bodies 
from which the vcligers arc released when 
ready. During the latter part of free .swim¬ 
ming life, if confronted by a piece of 
timber, the larvae settle on it, select a 
suillablc spot, throw off the swimming 
organs and transform into tiny timber 
boiing shipworms. This period is the 
most important period of (heir life history 
from the point of view of man since it is at 
this stage that they come into contact with 
wood and begin their destrucilive activity. 

With their characteristic boring habits 
and a boundless appetite for wood they 
attack vegetable matter of every description 
both living and dead. The attack of ship- 
wornns is not only confined to fioating ob¬ 
jects like boats, floats, buyos, barges, docks 
and dolphins or to fixed objects like pillars 
of piers and wharves, stakepole.s. but also 
to such objects as wooden pipe lining, hemp 
lopes, corky seeds, cocoanuts and jute or 
guttapercha covers of submarine cables. 

The protected, entombed life of the ship- 
worm has necessitated special and some¬ 
times novel devices to delect their presence 
within a pile or a piece of timber. In their 



206 



Pieces of timber destroyed by ship wormy at Cochim harbour 


natural habitat they may be found out with in the core have all been desperately tried 
the help of divers who can look out for the from time to time to get protection from 
display of siphons which are their only borers. In Roman times, ships in the 
visible parts. Since these borers produce Mediterranean were sheathed with metal 
a characteristic rasping sound while abrading and in the reign of Henry VI lead whs 
wood with their denticulated shells, engi- employed for the protection of ships, 
neers use electrical stethoscopes and micro- The discovery that a severe shock such as 
phones to pick up the noise duringthe inspec- pile-driver blow is detrimental to ship- 
tion of piles. Recently X-ray has also worms within a pile soon found application, 
been employed for the detection and study in the fight against teredo. Thus dynamite', 
of shipworms. This facilitates not only the was employed in the vicinity of teredo ip- 
detection of their presence but also the details fected timbers. It has been claimed that a 
regarding the growth rates of their calcium blasting schedule of two month intervals 
lined burrows. increased the service life of pilling to 3 or 4 

The introduction of poisons into the sur- years. The procedure consists of detonating 
rounding water, nailing, fixing shingles or from 10 to 20 charges of high explosive 
glass particles over exposed concrete or any simultaneously m the watei between pilling 
such suitable Wrappings, metal bands or pipe at low tide. Tests indicate that 75 % or teredo 
casings or collers for piles, piles with poison infestation is destroyed by this procedure. 
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This piomising method is at present ex¬ 
tensively used in the Canadian logging 
industry. 

Electrolytic piotection is yet another 
device. Heie alternating rows of iron and 
copper nails oi strands of copper and iron 
wile are used around a pile 01 wooden smface 
that needs protection The electrolytic 
action taking place in the wood soaked with 

sea water lesiilts in the deposition of iron 
oxide in the surface layers of wood and this 
apparently prevents the entiance of borers. 

Electrolysis of sea water and the liberation 
of chloiine as a measure to suffocate and 
poison the sliipworms within their borrows 
though suggested repeatedly with interesting 
modifications, was subsequently found to 

have no appieciable effect on established 
boreis in piles. 

Scientists even tried electrocution as a 
possible measure to destroy the shipworm 
by passing an electric current of high amper¬ 
age and voltage with special devices The 
real effect of these tests have not all been 
reported. 

Of the various methods used to protect 
timber against borei attack chemical treat¬ 
ment appear to be the most practicable and 
widely used. The Egyptians with their 
expert knowledge in the preservation of dead 
bodies also developed effective methods for 


wood preservation. The submarine survey 
m the Mediterranean by the French Navy 
rought to light hulls of ancient sailing ships 
which had remained submerged for more 
than 20 centuries with timber still perfectly 
intact. Aiabs and Indians have also been 
adventurous maiiners maintaining large 
fleets of sailing vessels both for colonisation 
and commeice. The best anti-teredo weapon 
known at present is impiegnation of timber 
with creosote. In the United States tar is 
added with a view to prolonging its effective- 
itess. But even these leach out in course of 

time leaving the surface exposed to borer 
attack. 

Biological control is a natural method, 
everal parasites, predators and associates 
are known for shipworms such as protozoans, 
planarians and polychaetes. Some of these 
are known to attack and devour them piece¬ 
meal. Dr. Ruth Turner of Harvard has 
lecently suggested that certain species of 
marine flat Worms eat the eggs of teredo and 
she believes that if the flatworms were let 
loose in badly infested area they might wipe 
out these destructive borers. 

Detailed studies are being conducted in 
the University of Kerala on the several 
aspects of the marine borers including the 
possibility of biological contiol of these 
pests. 



India’s Success with 
Dwarf Wheals 

M.S. SWAMINATJIAN 
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Institute, New Delhi 


T\URTNG the last few decades wheats yield 
■L' in India have been stagnant at about 
800 kg per hectare. Total wheal production, 
however, rose steadily from about 7 m.metric 
ions in 1951 to about 12 in. m 1964-65, 
thanks largely to an extension in the area 
under the crop. There are at present about 
13m. hectares under wheat, of which about 
4m. have assured iirigation facilities fed 
by cither canals or lubewells and ordmary 



Four different wheats'. (1) tall, (2) single-gene dwarf, (5) two-gene dwarf, (4) three-gene dwarf 
Reprinted from SPAN tl (3), 1968. 










wells. Even in irrigated areas, the average 
yield lias been of the oi der of only ] .3 metric 
tons per hectare. 

Scientific wheat improvement work started 
m the early years of this centiiiy at the 
Indian (then Imperial) Agricultural Research 
Institute under the guidance of Sir Albert 
Howard. This work led to the development 
of varieties like NP4 and NP52 which were 
capable of yielding about 3,000 kgpei hectare 
under good conditions of management. In 
1935, Dr B.P Pal reoriented the piogramme 
so as to incorporate a high degree of resistance 
^ to stem, leaf andstiipe rusts inthe cultivated 
varieties. Some of the varieties lesulting 
from this programme, such as NP7iO 
NP718, MP770, NP798 and NP809, became 
quite popular, and m years of severe rust 
epidemics, farmers could harvest giaiu only 
from these strains. 

Breeding programmes were also initiated 
m the different states of India, and .some 
notable varieties like C59], C518 and C281 
were developed in the Pmyab by Mr. Ram 
Dhan Singh. 

These Punjab wheats led to a preference m 
he gram market for bold, hard, amber and 
us rous giains. Before their introduction 
n 1934, varieties with red grains were also 
Widely cultivated and the present preference 
r amber gram did not exist. Throughout 
the country, however, there was preference 
or hard and vitreous grains both because 

k XTf (tmleavened 

Dread, the form m which wheat is consMrr,„n 
m Mia) and beoanat thay store belter under 
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fertilisers, and for destroying some of the 
fnclois causing instability in production from 
yea I to ycai. 

Genes for Dwarfing 

The discovciy in Japan of genes in the 
Norin wheat variety, which confci a dwaif 
and non-lodging plant habit, opened the 
dooi to the reconstruction of thcnrorpliology 
of the wheat plant. Seveial dwarfing gcne.s 
had foi long been known in wheat, such as 
the S oi C genes which govei n the Sphaeio- 
coccum and Compactum chatactenstics res¬ 
pectively. These genes, however, produced 
coincidentally with dwarfing, very dense 
and compact cars The fust variety which 
appeals to have had the desired combination 
of short plant height, lodging resistance and 
eat characters was Norin 10. This variety 
wa.s one of a coUecUoit of Japanese wheats 
brought to the United vStates by Di. S.C. 
Salmon in 1946. Three recessive genes for 
dwarfing, with additive effect, have so far 
been tdentified in this material. 

Using the Norin dwarfing genes, the dwarf 
winter wheat variety, Gaines, was developed 
by Dr. O.A„ Vogel in Washington State, 
U.S.A., in 1961. Similarly, dwarf spiung 
wheal varieties had been developed in Mexico 
by Di. N-E. Borlaug and co-workers. In 
order to develop dwarf wheal varieties suit¬ 
able foi cultivation in India, the Indian 
Agricultural Research Institute introduced 
in 1963 a large variety of wheat material 
containing the Norin dwarfing genes from 
mexico, through the courtesy of the Rocke¬ 
feller Foundation and the Mexican Ministry 
of Agriculture. In 1963 the I.A.R.I. distri¬ 
buted this material to several wheat breeding 
centres.in order to assess.the extent of their 
adaptation aiid reactions to the races of 
stem, leaf and stripe rusts prevalent in the 


In addition to bleeding material, hulk 
tluanlilies use of coinmcicial spring wheat 
vaiiciics, Lcima Rojo 64A, Sonora 63, 
Sonora 64 and Mayo 64, wcie also obtained 
These varieties wcic tested in all the wheat 
growing Stntes of litdin during 1963-64 and 
1964-65 iindei Ihe All-lndia Cooidinated 
Wheat Improvement Piojecl In addition, 
tlicy were subjected to detailed physiological, 
pathological, chemical and agronomic tests 
at the I.A.R.I. On the basis of the data 
oblaincci two of these varieties, Leima Rojo 
64A and Sonoia 64, were approved hy 
the Central Vaiiety Release Committee of 
the Indian Council of Agrlcultmal Re- 
scaich in 1965 foi cultivation m migated 
aieas. 

Lerma Rojo is a later variety with a high 
degree of icsistance to all the three lusts, 
It pel forms veiy well undei timely sown 
conditions and in areas characteiised by 
stripe lust epidemics. Sonora 64, on the 
other hand, is an early vaiiety and is well 
suited for giowing m lotations like maize- 
wheat, potato-wheat, rice-wheat, sugarcane- 
wheat, etc. (See tables 1 and 2). It has two 
genes for dwarfing and hence is the most 
lodging-resistant variety so fai released, 
Being eaily, it is a safe variety foi cultiva- 

TABLE1 


Productivity per day la some wheat varieties 


Variety 

Days III the field 

ProdiKtinly 

(kglliajday) 

NP 880 

151 

171 

Lerma Rojo 

153 

24.8 

S 227 

154 

34.2 342 

Sonoi a 64 

133 

42.5 


tion under high fertility conditions in th® 
eastern parts of Uttar Pradesh, Bihar, West 
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Bengal, Rajasthan, Madhya Pradesh, Guja- 
lat, Maharashtra, Oiissa and Madias 
Sonoia 64 docs not do well if sown bcfoic 
the middle of November in aicns wheic the 
noiinal sowing time is latci Octobei or early 
Novembei It is susceptible to stupe lusl 
and hence has not been lecom mended foi 
areas where this lUSt is epidemic 

New Dwarf Wheats 

Yaiietal diversity as well as a lapid ic- 
placeinent of varieties aie essential for siis- 
tammg high wheat yields ovei many seasons. 
Fioin the advanced geneiation material le- 
ceived fiom Mexico in 1963, sevcial 
selections such as S227, S307 and S308 
have been found to pel foiin vciy well in the 
Noithein Plains of India. These strain have 
amber giams and a veiy high yield potential 
The oiiginal raatciial of S227 leceivcd fiom 
Mexico segiegated foi lesi,stance to leaf 
lUst and resistant selections were made. In 
national demonstiations m 1965-66 and 
19S6-67 the highest yields weic oblanicd with 
S227rMiioh yielded respectively 6,S00 and 
8200 kg per hectare m a fai mei's Held in tlic 
Delhi State. S307 is a derivative of a cross 
Involving Lerma Rojo and the Japanese 
dwarf Sraiit Noiin 10-B, Seeds of S227, 
S307 and S308 were multiplied at Wellington, 
IntheNilgiii Hills, duimg the summeis of 
1966^and 1967 and these varieties were 
approved foi general cultivalion m 1967 and 
these varieties were appiovetl for gcneial 
cultivation m 1967, Beicf deseiiptions of 
these new strains and the name.s given (u 
them are given below. 

Kalydn Sana' A selection possessing resis¬ 
tance to leaf lust made fiom the population 
of S227 giown in 1963-64 Selections were 
made at th^I.A, R I,, the Punjab Agncultni al 
University, Ludhiana, and the U.P. Agii- 
cultiiral University, Pant Nagar. Kalyaa 
Sona is a strain with medium maturity, 


ambei giains, piol'use tillcimg and a veiy 
high yield potential. It is deiivetl liomtiw 
cross, Penjamu sibxGabo 5,5. Tire ehapali 
and bread making piopeitics aie good and 
this strain is likely to beenme une ol the most 
widely grown in the eounliy. 1 rom the s.ime 
cio.ss, a vailety named Stein C'ci ins 0(i h.is 
been rclea.scd in Me.vien and a stiam named 
Mexipak 65 tn Pakistan. In Mevicn, a sister 
selection with red grams is being giown 
commercially undei (lie iitiiue Supei-X, 
The same sistci selceiion is eallcd Indus 66 
in Pakistan and Vl.S aiul PN’I.S m India. 
Thus, (his cioss has yieklctl many (Uitst.nul- 
ing selections cli.uaeteii.eii I'v a hiyh 
yield polenlial and wide adaiii.ilnlitv, 

Somi/ika. A single fame vlwail d/in ,1 
linmthe MeMC.in ei nss (11 .sd-JSS-kni \ I'll 
54 \ N 10 B) I.RIII Sd27: the mifmal mil- 
rial was iccencd imdei the lumib a Shis 
The gi.iins of this \ aneiy .n e hold a ml .iiiib. i. 
It Is losistiinl In till iliiee iiisis .ind doe- w, 11 
bolli untlei timely sown ,ind l,i(> ,,.i, . 

couditams. This selection vi.i, utuh ,«j "h ’ 
l.A.R.I, 

Su/i’il Irniiii knoiliei siifje e-n J 

derived I'unn the Me\n m mv. i\ 'O ,, 
N 10 B)tL52) 1 Rs Since it i, it..)., m,s,, 
back-crossed ihiice to I nm.i 
lesemblcs Leima Rojo (i4 k \ o. ... t 
height, pigmmi.tiion ,ind nth s ilmi.s s 
The main dilf rcnc.'lies in ih • whi- m 
liaid luiiui'c ol'tills sii MU. m c.<ii;i,>, .1 lin- 
red and soli gram nl I euiu U'f* MV 

C'/i/iol( /.I'rtiui. A vUiile se ded, iv. ■ 
dwarl derived Irniu the \lv\u m mo . , V.' i 
(Sib) .V IlllARl. It IS Incidv im, , . 
lodgingaiul lias Ingji drgice .a sc a ! j.t s , 
all iliiee insis 

Shaviniti Sononi. The uvn-.ien- da., 
wheat vanciy Sonor.i tel mtiodu,ed !u iSm- 
I.A R.l. in 1963 has. as mouu‘iii*d i . 
priiv'ed tn be cap.ihle oS Viclsluu^ . * 
6,000 kg per hectare when grown jnoss,U,* 
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However, the grain is red, and so fetches 
a slightly lower price in the grain market. 
The variety was subjected to mutation 
breading in 1963 by Dr, G. Varughese and 
myself, and an amber grained mutant, 
isolated from gamrrta ray treated material, 
was approved for release by the Central 
Variety Release Committee in 1967, under 


the name Sharbati Sonora. This vriety 
resembles Sonora 64 m all respects except 
the quality and colour of the grain. 
Besides having bold and amber seeds, 
Sharbati Sonora was found to possess on 
an average 16.5 per cent protein in contrast 
to about 14 per cent in the parent 
strain. 


TABLE 2 


Wheal yield in rotations involving late sowing 


Location 

Rotation 

Wheal rartety 

Date roii'/i 

Yield (Qlhal) 

Delhi 

Sorghum-wheat 

Sonora 64 

29.12.64 

42,4 

Jullundur 

Potato-wheat 

Sonora 64 

2.1.66 

40.9 



Lorma Rojo 

2.1,66 

34 4 



Sonora 64 

15.1.66 

36.2 

Samastipur 

Riee-wheat 

Sonora 64 

5,12.65 

37,1 

Darbhanga 

Rico-wheat 

Sonora 64 

19.12.65 

25,5 

Shahbad 

Ricc-wheat 

Sonora 64 

29.12.65 

23,2 

Delhi 

Rice-wheat 

Sonora 64 

4.12.65 

55.3 


1 Quintals per hectare. One quintal cuqals 100 kg. 


TABLE 3 

Effect of irrigation applied at different stages of dwarf wheat, Sonora 64 


Treatment 



STAGES OF GROWTH 


Total 

Yield 

(CW 

Crown 

root 

Late 

tiiiering 

Jointing 

Boot 

Flowering 

Dough 

' “ / 1 Sl»f It/o 

of 

Irrigations 

1 

1 

1 

1 

1 

1 

1 

6 

51,4 

2 

1 

1 

0 

1 

1 

1 

4 

51,3 

3 

1 

1 

0 

0 

1 

1 

4 

52,3 

4 

0 

1 

0 

1 

1 

1 

4 

44.0 ' 

5 

0 

1 

1 

1 

1 

0 

4 

45.2 

6 

0 

1 

0 

1 

1 

0 

3 

42.3 ■ 


Critical difference at 5%=5.9 
1 indicates irrigation given. 

0 indicates irrigation not given. 
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In addition, Shaibati Sonora has about 3 
gm. lysine in 100 gra. protein, in contrast 
to only about 2 gm lysine per 100 gm. 
protein in Soirora 64. It appeais that a major 
factory for piotein and lysine .synlhesi.s may 
be located near the gene concerned with 
gram colour. This mutant has helped to 
disprove the idea that protein quality and 
quntity cannot be improved at the same time. 
Since Sharbati Sonora yields over 6,000 kg 
per hectare, it is also a symbol of the possi¬ 
bility of developing high yielding-cuin-high 
quality varieties of cereals and other ciops. 
This vaiiety has also excellent biead making 
properties. 

In the indo-gangetic alluvial sods lodging 
occurs eveir with siirgle and two-genc dwarf 
strains. This is paitly because of the pool 
sod structure arising fiom the many plough- 
mgs (usually exceeding ten) which fat mens 
carry out before sowing wheat, and i.s partly 
due to the invariable occurrence of late 
rains and gales in Match. Consequently, 
there is enormous interest now in varieties 
with tlnee genes foi dwarfing (called 
‘triple dwaifs’) and sevcuil such strains aic 
in advanced stages of testing All Ihc new 
varieties aie non-lodging, highly resistant to 
the prevalent races of rusts, and have 


brains with a high protein and lysine 
content, 

New Agronomy 

When the dwarf wheals weie lii.st tested 
extensively (in 1963-64) it became evidciil 
that cei tain fuiulamental changes in eulturtd 
practicc.s were needed to get the best out 
of them. First, sowing had to be shallow 
(not deeper than 2 in), oi the coleoptde 
could not penetrate the sod, .Secondly, irri¬ 
gation had to be given about 16 days aftei 
sowing, at the lime of the iniii.ilion of the 
ciown roots, othetwi.se the yield was consi¬ 
derably depicssed This is due to the syn¬ 
chronised nature of tillei vlevelopmeiu in 
these varieties, ti lactoi which gets ^[l^tul bed 
when iriigalion is given late, as used to be 
done with the eailiei tall v.metjes (see fable 
3). The seed rale also li.id to be adjusted 
according lo the tillering habit ol ilic strain. 
When the wheat was sown in Oeccmb.-i oi 
Januaiy, eoveiing seeds wiili lannyard 
manure led lo aniueiease in sud lenipeialme 
and to u more rapid germiiutlionand giowth. 
Sowing in a north-east to soulli-wesl direc¬ 
tion resulted in the maximum iiilerception 
of sunlight and piomoted more vigorous 
giowth. 



/(((/(„’.t h/i 

III h' r!i(f 

dirrfttifj. t/)/ dffinii 

thfvi'su)lk'‘ Ilf tiihftif urtJ ffv 
1>A fi*f .N, iiiui 

Imimn » hf-n Ih<» »« 

I'kll iiml I'Hifl. 
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Thus, a considerable degree of sophisti- 
calion in the agronomic practices and a 
greater attention to the qualitative aspects 
of the use of inputs became essential. What 
is most interesting and encouraging is that 
the Indian farmer has taken to all these 
practices with a zeal and speed which have 
baffled conventional economists and ad¬ 
ministrators, 

Yields In Unirrigated Aeas 

The rapid spread of high yielding varieties 
in irrigated areas has widened the gap in 
the income potential of irrigated and un- 
irrigaied lands. Research aiming at in¬ 
creasing the yield of wheat and income of 
farmers in unirrigated and low rainfall 
areas has indicated certain practices which 
help in improving yields and pioduction 
in such areas. 

First, deep ploughing helps to conserve 
moisture and enables two crops a year to be 


taken. Secondly, spraying which urea helps 
to increase yield by over 25 per cent m wheat. 
Scientist at the I.A.R.I. have found that over 
30 per cent concentration of urea can, be 
safely applied to wheat by breaking down the 
particle size of urea in a low volume sprayer. 
This has rendered aerial spraying of urea 
possible in moisture-deficit aieas and this 
can be provided as a government service. 

Since under conditions of low moisture 
tillering is very much reduced in wheat and 
barley, the yield has to come from the mam 
tiller. l.A.R.r. physiologists have shown 
that by increasing the numbei of grams per 
ear in Ihe main stem it is possible to increase 
the yield of wheat in dry areas. A special 
variety of wheat with branched ears like 
sorghum is therefore under development for 
dry areas. Also, hybrids between rye and 
wheat are under development which might 
combine high yield with nearly 20 per cent 
protein content. 



striking example of resistance to lodging. The two gene dwarf wheat on (he left lodged after late rains to. 
March, while the three-gene dwf on the right Side, 
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Witli the eailier tall vaiiclics, about 3,000- 
4,000 kg pel hectare was the upper limite of 
the yield that could be easily obtained la 
urigatcd areas. With the introduction of 
the dwarf varieties, this upper limit has 
risen to 7,000-8,000 kg per hectare. The 
new vaiieties now in the breeder’s assembly 
line at the l.A.R.I. belong to the following 
categories. 

Triple dwarfs: These have three genes for 
dwarfing and will not lodge even under veiy 
adverse conditions. Tiiple dwarfs combining 
high yield, excellent giain quality and a high 
degree of resistance to rusts are now in the 
final stages of assessment and multiplication. 
Rye and wheat hybrids: These have very long 
ears and may yield well both in irrigated 
and dry areas. In addition rye wheat (Trili- 
cale) has nearly 20 per cent protein and a 
high lysine content. 

Hybiid wheat: As in maize, soighum and 
pearl millet, reseaich aiming to ex¬ 
ploit the phenomenon of hybrid vigoui is in 
progiess in wheat. Such reascarch was 
made possible by the discovery of male 
sterility in some wheat stiains by Japanese 
workers 


Branched wheal: A mutation for branch¬ 
ing was induced in the variety MP 797 by 
gamma ray treatment. This has made the 
development of bianched wheat varieties 
possible Such varieties will have three to 
four times as many giains per ear as the 
varieties now gtown and will greatly enhance 
the yield of wheat in both irrigated and dry 
areas. Branching is not known to occur in 
nature m bread wheats, but it occurs in one 
species of the wheat family identified in 
egyplian mummies {Triticuin tiirgidum var. 
msrabile). 

Thus, in the immediate fiitiue. the pros¬ 
pects are bright foi developing wheats which 
can yield about 10,000kg per hectare. 

Dwaif and high yielding varieties have 
been developed in durum (macaroni) wheat, 
which is cultivated extensively in Madhya 
Piadesh and Mysore. 

India is frequently referred to abroad as 
a country in which reseaich and extension 
fimc tion without proper coordination. While 
there is some basis for this comment, few 
people are aware that India today holds lhe> 
Woiid record foi the speed with which a' 



Bread made/torn the same giiality of flout form three different Wheats (o demonstrate 
vanation in loaf volume 
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sigiiilicaiU research fliicling has been applied 
in the field. During the winter 1963-64, 
the I.A.R.I. introduced wheat varieties 
containing the ‘Norin’ dwaifing gene from 
Mexico on the basis of the author's theory 
that dwarf varieties were essential for break¬ 
ing down the barriers to high wheat yields 
These were thoroughly tested all over the 
country during 1963-64 and 1964-65, and 
sufficient data to convince the Government 
of the wisdom of importing large quantities 
of seeds of two varieties were piesented in 
June, 1965. That year 250 metric tons of 


seeds were impoited, and 18,000 metric 
tons in 1966, As a result, we had nearly 
400,000 hectaies rmder dwaif wheats during 
1966-67 and about two million hectares 
during 1967-68. There is no paiallel for such 
rapid spread of new varieties in the world, 
and this great achievement has stimulated 
Turkey and Pakistan to take similar action 
this year, ifhe wheat harvest of 1967-68 
is estimated at ovei 17 m. metric tons, in 
contrast to the seven million harvested in 
1951-52, when the first Five Year Plan was 
initiated. 


SUPPLEMENTARY READERS IN SCIENCE SERIES 

The genefdl aim of this series is to stimulate the Interest of school children In the world 
of tcietice and to keep them In touch with the mote significant developments that are 
taking place ih Its various fields. 

WEAPONS ; OLD AND NEW 
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Mir Najabat Ali 

Foolscap quarto, pp 76, 1967 Rs. 2.25 

This fascinating little publication is a primer on weapons, both old and new. The 
book is attractively illustrated and describes interesting weapons such as the 
boomerang, the harpoon and even the South American bola. It talks of swords 
of many kinds, of guns and tanks and missiles, and takes the story right up to 
latest inventions of modern warfare 

Enquiries; 

Business Manager 
Publication Unit 

National Council of Educational Research and Training 
71/1 Najafgarh Road 
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Study of Surfaces-II 
Effects related to Surface 
Tension 

L.D Ahuja. 

Department of Chemistry 
Indjan Institute oi TechnoJogy 
Hauz Khas, New Delhi 

I N an earlier article (1) the surfaces of 
pure substances, whether liquids or solids 
was discussed, It should be interestiitg to 
find out as to what happens to the surface 
tension of, say, a liquid, —when another 
substance is added to it. Obviously, it will 
depend upon whether the substance added 
is a solid or a liquid; if solid, whether solube 
or insoluble and if liquid whether completely 
miscible, partially miscible or completely 
immiscible 

Let us first of all take the cascolthe addi¬ 
tion of solids to a liquid. From the point of 
view of their effect on the surface tension, 
solids aie divided into thiec categories. 

(a) non-electroiytcs. 

(b) electrolytes. 

(c) polymers. 

For the time being, the case of polymers 
may be left out. For categories (a) and (b), 
it has been found that whereas the addition 
of non-electrolytes decreases the surface 
tension of say water, addition of an electro¬ 


lyte increases it, the cflect is much more 
pronounced in case of decicase, than in the 
case of increase. Foi example, addition of 
10 ^ moles of sodium oleate decreases the 
surface tension of water from 72 dynes/ 
cm at room temperature to a value of 25 
dynes/cm, on the other hand a 5, molar 
solution of KCl has its surface tension 
value of only 80 dyns/cm. The fact that 
even small amounts of these nonelectrolytes 
like higher fatty acids and alcohols can 
1 educe the surface tension so much, shows 
that they must be concentrating on the 
surface lather than dissolving in the bulk; 
while in case of electrolytes, the concentra¬ 
tion in the bulk, is much more than the 
concentration on the surface. 

In fact, by studying the change in surface 
tension of water, produced by the addition of 
a known amount of these higher fatty acids 
or alcohols, it is possible to find out the sur¬ 
face excess i.e. the difference between con¬ 
centration in the surface and that in the bulk. 
On the basis of thermodynamics, Willard 
Gibbs that mathematical wizard and one of 
the best scientific genius of the 19th century, 
whose work lay unnoticed for 50 years before 
it was brought to light by Roozeboom, 
derived an equation for calculating the 
surface excess of the solute. His equation is 

^ _di 

‘ ” RT dc 
Where 

f—denotes the surface excess 
C—the concentration of the solution 
—the change in surface tension by the 
dc—corresponding change in concentra¬ 
tion of solution. 

R—the well-known gas constant 
T—the temperature of the experiment. 
For water and say stearic acid f conies out 
to be IQ—'-® moles/cra for a concentration of 
10-3 moles/litre. Thus we have got a 
method of calculating concentrations, which 
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could not be easily determined by any of the 
chemical methods known at that time. 

Coming to the addition of one liquid to 
another, youmuslhave seen beautiful colour 
patterns when a drop of hair oil-falls on the 
surface of water. It spreads in the form of a 
thin film with beauul’ul colour patterns. 
These thinlilms prevent the evaporation of 
water and arc used in suppressing the 
evaporation of water from lakes and reser¬ 
voirs in many tropical countries. The 
substance found to be most effective is cetyl 
alcohol, chemical name (hexa dccanol 
C10H33OH). The technique is very simple. 
Cetyl alcohol IS dissolved ina volatileso lent. 
Benzene was the first craze, but its place has 
now been lak.cn by petroleum ether because 
of its lower boiling point and chemically 
more inert nature. The dilute solution is 
spread over the surface of water. The solvent 
soon evaporates leaving behind a compact 
raonolycr of cetylc alcohol. Oil films are also 
used to calm down the seas near the shores. 

Your may ask as to why do these higher 
fatty alcohols or acids try to concentrate 
on the surfacL rather than distributing them¬ 
selves in the bulk. The reason lies in their 
bifiinctional character. Their molecules 
consist of two parts—the insoluble long 
chain hydrocarbon part and the soluble 
functional gioup. OH, COOH or COOR. 
Since the hydrocarbonpart is not accepted by 
host molecules of water, wheie else can it 
go? And here it is helped by the hydio- 
phillic group OH or COOH. In fact, the 
long chain molecule stands on the surface 
upside down with its head-thc active group 
pointing towards water and the rest of the 
non-active molecule away from water. 

From the maximum amount of material 
that can be spread so as to form a compact 
mono-layer i.e. when therecoccurs no futher 
decrease in surface tension, we can find 
out the thickness of the monolayer and 


from it calculate the length of c-c bond. 
The results obtained have been found to 
compare very well with those found from 
X-ray studies. 

This tendency ofsiLbstances to concentiale 

on the surface is called adsorption --a 

phenomenon having a great theoietical and 
practical importance. 

I think a few words must be said about 
the various methods employed for the 
determination of surface tension of liquids. 
By far, the most common method used 
in many laboratories is the capillary rise 
method. 

If the capillary tube is placed in a beaker 
containing merciuy, we will see that in this 
capillary tube the level of mercury goes 
down rather than rising up, it also foim a 
convexsuiface rather than a concave one as 
is the case with water. The depression of 
the level of mercury in the capillary is due 
to the fact that the pressure at this point 
is grcatci than that at surface in the outer 
vessel. 

The use or fall of liquids m capiUaiies 
can also be explained in term of foices of 
cohesion and forces of adhesion. Cohesion 
IS the force of attraction between the mole¬ 
cules of the same substance and adhesion 
is the force of attraction between molecules 
of different substances. Water rises in the 
glass capillary, because the foice of adhesion 
is greater than the force of cohesion Mercury 
IS depressed in the same capillary, because 
the force of cohesion is greater than that of 
adhesion. By similar reasoning, we can, 
explainc the spreading of one liquid on 
another or a liquid on a solid. 

A column of the liquid is supported 
against the force ofgiavityby the force of 
surface tension which acts along the circum-, 
ference of the tube. ' 

Weight of the liqud column of height h= 
h.dg. Force of surface tension >= iTirf li ' 
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(cassiimmg an angle of contact equal to zero) 
equating the two, we have 

27iq.a=h,dg 
. u_h-dg 



the very fact that the liquid has risen 
by a height “li” shows that pressure at A 
must be less than pressure at B. Thus we 
see that whenever there is a curved surface 
in a liquid, there exists a pressure differnece 
across it. Now if the pressure on a concave 
surface is less than that on a plane surface of 
the same liquid, converse must be true for 
the convex sui face. We all know that tiny 


droplets always assume a spherical surface 
because of the force ofsurliice tension, 
Since the outer suiface of a sphere is con¬ 
vex in shape, tiny droplets must be having 
a higher vapour pressure. Kelvin, (Lord 
Thompson) derived an equation relating the 
vapour piessuie with theiadius of curvature 
of the droplet. In its simple form the equa¬ 
tion is 



A diop falling from the lip of a pipette 
or a burette has a volume of approximately 
0.05 CC which coiiesponds to a radius of 
about 0,2 mm and has a piessiue of 

2y 72 

P = =72xl0<dyns/cma 

“ 72 X10~^ atmosphei es 

=>50 mm 

more than that of the liquid at the same 
temperature Foi a drop of radius equal to 
]0“<^ cm, the pressuie difference comes oiif 
to be 1.44 atmosphere. Though thermody¬ 
namically the formation is necessary for the 
phenomena of condensation to occur. In 
the atmosphere the condensation occurs'oh 
tiny dust particles. 




Elementary School Biology 
Revisited* 

John D. Cunningham 
Keene State College, New Hampsline 


TN the March 1966 issue of Tlia American 
A Biology Teacher appeared an earlier sur¬ 
vey of the biological element in the current 
elementary school science projects {New 
Developments in Elementary School Biology, 
pp. 193-198), There has been much activity 
in this realm m most cutriculum projects, 
here and abroad, and many new materials 
have become available, at least in prelimi¬ 
nary editions, or are being tested, The aim 
of the present paper is to update the earlier 
survey, to which the reader is referred for 
further information 

Science Curriculum Improvement Study 
The SCTS life science program takes 
advantage of the natural attraction of orga¬ 
nisms to children by making living organisms 
the ccntei of activity. Living plants and 
animals are brought into the classroom; 
and at times the children are taken out-of- 
doors to discovei not only the amazing 
variety of organisms, but also how animals 
and plants interact with each other and with 
the soil, atmosphere, and the sun. 


The focius of the program is the organism- 
environment relationship, and the over-all 
concept that has guided the development of 
the program is that of the ecosystem. 
The following quote from the trial unit 
expresses the point; 

“By starting with an ecosystem, one 
can discover the whole of biology. This 
can be done by isolating one element 
after anothei—the living plants and 
aninrals; the physical factois such as 
light, water, temperature and soil, the 
interactions among the organisms, 
and between the organisms and the 
physical factors. One can study anatomy 
in relation to the role that any given 
organism plays in the ecosystem- One 
can study the food lelalions among 
organisms and airivc at the concept of 
a food chain. One can discover that 
animals excrete, that both animals and 
plants die, and that the excreta and dead 
remains of organisms are decomposed 
and become a part of the solid where 
they serve as nutrients for plant growth. 
One can study reproduction and its role 
of maintaining the population and here¬ 
dity which maintains the type from 
generation to generation One can study 
growth and development, the life cycles 
of organisms, and the various adapta¬ 
tions that fit particular organisms to 
particular envrionments. 

The concept of the ecosystem can also 
lead to a study of evolution because 
changing physical conditions change the 
environment m which organisms live 
and create the situations in which the 
populations of organisms must either 
change or perish ” 


*Invited Paper, National Association of flioiogy 
Teachers. American As^ociatlon for Advancement of 
Science, Wasiiingon, D C , December 29, 1966 
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During the 1966-67 school year, the first- 
grade trial unit Organisms is being tested. 

The ecosystem presented and analyzed is in 

the form of art aquarium. Observations 
result m questioits, some origimiting from 
the children and some from the teacher. 
This first year progrant depends upon thiec 
key questions: (1) What is the stiifT on the 
bottom of the aquarium? (2) Why did the 
water turn green? (3) What is the biilck 
stuff on the sand nt the aquarium? 

The begiimings for a large itumber of 
biological understandings aie established as 
the children obseive the aquaiia during the 
year. Guppies are bom and snail eggs 
appear, these young organisms gotw, and 
death of some plartts and animals occuis. 
The diversity of organisms and the concept 
of habitat are introduced as children ob.servc 
various types of fiesh and saltwutci aquaria. 
The idea of food chants is also introduced 
as Daphnia ate observed coitsuming Chht- 
mydomonas innoculated in the aquaria and 
are, in tiirrt, cortsiimed by the fish. 

The controlled experiment is introduced as 
a way to obtain answers to queslioivs. For 
example, the children might take two samplc.s 
of “green water” from the same aquarium, 
place them side by side near a window, and 
add Daphnia to one but not the other. 
Within a few days the water with Daphnia 
becomes clear; the other remains green and 
opaque. 

One of the problems in teaching biology, 
of course, is that living organisms follow 
their own schedule. While one can success¬ 
fully anticipate some events, one cannot 
expect to plan and follow a rigid schedule. 
Rather, one must skip back and forth de¬ 
pending upon what happens in the aquaria 
and on the children’s responses to these 
events. To overcome the indetermmancy, 
the teacher’s guide for Organisms has a large 
chart that depicts the major expected events. 


In the center is a drawing with .arrow, 
leading out of an aqu.iirnm to dcicrmmr 
whiil purl of Ihe guide dcaN with the lopH 
While the order in whicli the nimor rscit!'. 
aic taken up is not constdcird 
it is suggested that each topic sjunik! hr 
followed through to completion, .sHhouKh 
several topics may be dealt with t imh nurntJv 
The .S'CI.S life science group is.jFo (•iic.igtnj 
m an intensive study to detetmuic .i St.nnr. 
work foi the life science piogr.nn sn pnide. 
two Ihrougli MX. At the piC'-esn datp'r “hr 
following plan is being putsiu-d rUm i «•* 
grade program will build on the .. si-.-po 
of the first year by comp.irim; .so .nputi nn 
containing isrganisms with onr ».o,ir.,- 
no tirgamsins m oidei to ii.iv sf'.s' 

organisms c.iuse .i ch.iiuie m thru is jh i -ji 

This experience, among oiliers, i. iJic ><,rg s 

ning of the concept ol sm.ii- .Mot’i 
The childri-n will .iKo obsvixr .ip'i-o' i'i s 
inlesl Jiliulfei ami |Hm pl.mn Ir.r'.r 
ohsei\,ilions will In* loinl lo rsi'u},'/' H;r s 
cepts of biitli, giowth. .uul ar.puir ■' 
ami lead to the concep! oj Id.- is,. r |.f.- 
observations of .iphiiKaFo jm'.’io i it r -im,. 
duciion ol concept oi pitpni lu.-n 
primary Ibod ptodnect'.. !ji i n vr' • 
sumers. and conimumtv 

During the third year thr -'of M.g.it. , > 

the inicraciums witliin an »ii; 'tw- 

conimued VMth a scries •»! oh'.csc .aUsois 
experiments on the oxygrn .oid .“ij.. 

xidc exchange Iretwecn pl.im • am? .rsiHs-ii' 
These exivcrmicnis c.»n iw do,nr v .u- |,;r.. 
and guppies witlim the Jaimb.*; . ‘ 

the fresh-water t'hr mScH 

physical factors fmu'Siott m ass ct.*-’,*’tirm o. 
introduced by the t»h,rrv.s!h!'n ris-si 
production in planis dependt .•« h^hr |i 
also oiH’ns by way lo snsfodioe 
cepls ol photosvftlhfsH .owf ?hr dfjurriiJr'w 
of animals on plants for oxygen 
Further obscrvahon-t. ami , '»?v; 
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dcmonstralc ihe npcraiion of cither physical 
factors such us tempera lure, moisture, ami 
minerals. 

During the fourth grade, the concept of 
life cycle begun inthe second grade will serve 
as starting point for consideration of re¬ 
production and heredity,This will necessitate 
the introduction of the cell concept the use 
of simple microscopes, and bcrceding cx- 
pcrintenls with Drosophila. The relation 
of reproduction and heredity to the survival 
of populations will be stressed. 

In addition, there are also biological 
aspects to other units. For example, in the 
first-grade unit Materia! object.^ arc lessons 
designed to give children an opportunity to 
describe the properties of plants and animals, 
to note similariics and difTcicnccs amojig 
plants, to recognize .some relationships 
between animals and their environments, and 
to think of plants as objects. 

In Che second -grade unit Variation and 
Measurement, many of the ideas of the 
section on variation are conveyed using 
biological examples. For example, children 
study variation in seeds, variation m the 
number of peas (or other seeds) in pods, and 
variation in compound leaves. Children 
learn the techniques of constructing histo¬ 
grams in order to depict the variation 
observed and to use the information to 
make predictions. 

Elementary Science Study 

ESS units arc designed as much to extend 
the child’s skills of scientific inquiry as they 
are to exhibit particular scientific concepts. 
A number of the biologically oriented units 
are briefly described below. Many of the 
units have films and film loops designed to 
be an integral part of the study. 

Behavior of Mealworms-. This unit, rested 
with children from the third to the eighth 
grades, is designed to stimulate children to 


ask questions about the observed behavior 
of an iinfamiliar animal. Some of the acti¬ 
vities arc: making a mealworm backup,' • 
how mealworms explore a box, how meaf 
worms follow walls, how mealworms find 
bran, how mealworms know they are under 
brain, etc. Several booklets are being 
developed for use in conjunction with the 
unit. One is cnlitlcd How Does the Moth 
Get Out ?, a scries of observation on the use 
of an ingenious chemical mechanisms by the 
Chinese oak silk moth in escaping from' its 
cocoon. Another is Owls, describing research 
on how owls locate their prey by homing on 
the sounds produced by the prey. 

Bones: This unit is designed for children 
ingrades four through six. Cbildien become 
familiar with the variety of bones, note the 
similarities and differences among them, 
as.semble skeletons, etc. Two student book¬ 
lets accompany the unit, How to Make A 
chicken Skeleton and the Bone Picture Booh 

Small Things : An Introduction to the Micro- 
.scopic World. 

In this upper elementary unit, children are 
introduced to the microscopic world and to 
the instruments needed to make it accessible, 
Children compare onion cells with human 
cells, learn staining techniques, search for 
life in pond water, and compare cells from 
miscellaneous parts ot oiganisms and non¬ 
living objects. Accompanying the unit is 
The Faithful Eye of Robet Hooke, quotations 
and illustrations from Hooke’s Micrographia 
which suggest to the children microscopic 
investigations which they may inidertake 
themselves. 

Mtcrogardening • The study of molds 
constitutes the subject matter of this pnlt 
for children ingiades four thiough seven. 
Considerable effort and ingenuity was nece¬ 
ssary to reduce the relatively high cost and 
time-consLimmg preparation required. Titles 
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of areas studeid are “What Are Molds?” 
(three acivities, 7-10 days), “What Influences 
the Growth of Molds?” (four activites, 4-5 
week) “Where Do Molds Come From?” 
(five activities. 4-5 weeks), “What Can Molds 
Do” (three activities, 3-4 weeks), and 
"What Influnces the Rate of Mold Giowth?’ 
(two activities, 2-3 weeks). Two books 
accompany the unit, the Illustrated Handbook 
of Some Common. Molds and The Micro¬ 
gardening Cookbook. 

Growing Seeds: In this unit, children 
ingrades K-3 plant a collection of seeds and 
non-seeds to see which ones grow. The 
internal anatomy of seeds is investigated 
and children keep track of plant growth by 
cuttmg strips of papei daily showing the 
height of their plants. 

Changes. Children m the early elementary 
grades investigate changes that take place m 
objects left in diifernt environments. Thus 
from the biological standpoint, food may 
become moldy or decompose, maggots, 
may appear, organisms may lose water, etc. 

Desert Animals: This is a primary unit on 
the adaptations of desert mammals (gerbils 
and kangaroo rats) and lizaids. Curious 
Gerbils is a children’s book on the manage¬ 
ment ^ gerbils and suggests experiments 
they can conduct concerning its diet, beha¬ 
viour, ect. 

Pond Water: Both the microscopic and 
macroscopic plants and animals found in- 
fresh-water ponds are studied m this unit. 
The unit Duckweed may be studied as an 
outgrowth of Pond Water. The duckweed 
IS large enough to be studied without 
magnification yet small enough to reproudce 
and grow rapidly and to respond well to 
varying environmental conditions 

A number of units involve the study of 
the lifecycles of particular organisms and the 
effect on their development or behaviour of 
such environmental variables as light, water, 
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tempeiature, etc. This is true of units 
entitled Mosquito larvae. Butterflies, Brine 
shrimp. Frog eggs and Tadpoles, and Euglena. 
Other units, while not concentrating so 
much upon life cycles, deal with the intr- 
actions of the organism and various envi¬ 
ronments. In this category would be such 
units as Earth-worms, Cryfish, and Marine 
life. 

Two units deal primarily with plants. 
Budding Twigs (sixth grade) studies the effect 
of position of bud, length of twig, watei, 
light, temperature, etc. on budding. Bending 
Plants (grades 4-6) concentrates on res¬ 
ponses of oat seedlings to light and gravity. 

American Association for the Advancement 
of Science 

Under the direction of its Commission 
on Science Education, the AAAS has pre¬ 
pared a K-6 program entitled Science — 
A Process Approach. The AAAS program 
takes the view that the procedures of 
scientific enquiry, learned not as a can on 
of rules but as ways of findinng answers, can 
be applied without limit. The processes 
chosen for the primary grades are: 
observing, classifying, using space time 
relations, nsing numbers, communicating, 
measuring, inferring, and piodfcting. Those 
added in the intermediate grades are; for¬ 
mulating hypotheses, controlling variables, 
interpreting data, defining operationally, 
formulating models, and experimentation. 

The books start with one A for the beginn¬ 
ing of kindergarten and end with Seven B 
for the later part of the sixth grade. Titles 
of predominantly biological lessons, and the 
appropriate process lable, in each book are 
given below: 

One A —Classifying 1 • Classification using loaves or 
nuts 

—Observing 6 . Perception of Odor 
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One B —Observing 7; Ofcwervtng Animals 

—Classificalion A: Classificaiion Using 
Slwlls 

Two A —Using Spacc/Timc Relations 7; The 
Shapes of Animiils 

—Observing 12: Observation of Color and 
Color Change in Plants 
—Observing 13: Observing Mold Gardens 
Two B —Observing 14: Seeds and Seeds Germina¬ 
tion 

—Classifying B; Classification Using An 
Aquarium 

—Communicating A: Describing the Changes 
In a Sensitive Plant 

Three A—Classifiying 5: Kinds of Living Things 
in an Aquarium 

—Observing 16: Observing Animal Motion 
—Observing 17, Bacteria 
Three B —Observing 18: Five Plants 
Four A —Inferring 5: Tracks and Traces 

—Observing 20: Observing Growth in 
Plants 

—Predicting 4: Inlcrprcilng the Field of 
Vision 

FoufB —Observing 21: Growth from Parts of 
Plants 

—Communicating 11; Graphing Experi¬ 
mental Results with time as a Variable. 

—Observing 22: Observing Some Animal 
Responses to Sflmiili 
—Inferring 7; Loss of Water from Plants 
Five A —Controlling Variables 1 : Growth of 
Mold on Bread 

—Interpreting Data 1: Guinea Pig Learning 
in a Maze 

—Controlling Variables 3: Loss of Moisture 
from Potatoes 

Fives I—Controlling Variables 7: Orientation of 
Plants 

Six A —Defining Operationally 4: Defining Root, 
Stem, Leaf, and Fruit 

—Controlling Variables 9: Forgetting and 
Relearning 

Six B —Intemretmg Data 9: Levers in Physical 
and Biological Systems 
—Interpreting Data 10: Variation In a 
Biological Population 

—^Interpreting Data 13 Measuring Small 
Things 

—Controlling Variables 11: Brine Shrimp 
—Controlling Variables A: Responses of 
Dpahnia 


Seven A —Experimenting 3' Seraipermeable Memb¬ 
ranes 

—Formulating Models 4; A Mechanical 
Model of a Semipeimeablo Membrane 
System 

—Formulating Models S: The Growth bfa 
Simple Population 

—Experimenting 4: Living Things Qiveqlf 
Clirbon Dioxide 

—Controlling Variables 12: Human Reac¬ 
tion Time 

Seven B —Formulating models 8 Life Cycles 

—Interpreting Data 14- Growing Plants In 
Various Colors of Light 
—Experimenting 6; Chromatography , 
—Interpreting Data 15: Human Characteris¬ 
tics 

—Experimenting 7: Photosynthesis 
—Controlling Variables 1 '4 Fermentation 
—Interpreting Data 13 Chick Embryo 
—Controlling Variables 14; The effect of 
Egg Position on the Chick Embryo 

Minnesota School Mathematics and Science 
Teaching Project 

At least for the early elementary grades 
(K:-4), MINNEMAST is not developing 
biology as a separate subject. Rather, where 
experiences of a biological nature are ap¬ 
propriate to the aims of a particular unit, 
the experiences arc provided. A Living 
Things Handbook is also being developed 
to encourage and assist the eleiRentary 
teacher inexposing her children to living 
things in the classroom and in the field. 

MINNEMAST materials currently avail¬ 
able for distribution are at the kindergarteii, 
first, and second—grade levels. Units 
for the third and fourth grades are 
under development or are being tested. 
Representative biological lessons fro® 
selected units are briefly discussed below. 

Watching and Wondering (K.l),. ™s 
initial kindej-garten unit contains sonte .bio' 
logical possibilities as children explote, 
example, the outdoor area of the sohoo 
grounds. 
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Describing and Classifying (K.2). This 
unit IS an introduction to desciibing the 
properties of objects and building a classi¬ 
fication scheme based upon the observations. 
Some of the objects studied are biological. 
Thus, in Lesson 3, children classify leaves 
and seeds, classify in terms of living and 
non-living, and classify animals by the way 
they move. 

Our Senses (K.3) Although the emphasis 
is onthehuman senses of sight, hearing, smell 
taste, and touch, the unit serves as a basis 
for understanding how animals in general 
become awaie of the environment In the 
kindergarten series, the unit is closely re¬ 
lated to K,2 in that an object is what it is 
perceived to be and that perception comes 
through the senses 

Shape and Symmetry (K.4). From the 
biological standpoint, the most important 
part of this unit is the symmetry section 
Children are given experience with bilateral 
symmetry (e.g. butteifly), rotational symme¬ 
try (echinoderms), and translational sym¬ 
metry (millipede). 

Objects and Their Properties (l.l) The 
introductory lesson in this first-grade unit 
is entitled “Animals as Objects.” In the 
lesson, the behavior of an animal is consi¬ 
dered to be just as important as the descrip¬ 
tion of its size, color, shape, or surface 
characteristics. Other lessons of biological 
interest are “Ants” (Lesson 3) and “Group¬ 
ing Objects by Two Properties” (Lesson 6) 

Changing and Unchanging Properties (1.2) 
In this unit the children’s attention is focused 
on a number of “before” and “after” situa¬ 
tions, both in terms of the obvious changes 
that occurred and on the properties that did 
changes. This introduction to the idea that 
■an object Can change in some of its properties 
and remain unchanged in others will bridge 
the gap between a static world of descrip¬ 
tion and the dynamic world of interactions. 


Children discover that although living orga¬ 
nisms change continuously, they retain a 
biological identity. The organism investi¬ 
gated arc a simple plant, a lepidopteran, and 
the child himself. 

Investigating Systems (1.6). Lesson 5, 
lasting for four days, is entitled “Systems 
for Eating" and introduces children to a 
system within living objects. They identify 
the parts of the body involved m taking m 
and chewing good, both in humans and 
in other animahs. Prior to this the children 
had been studying inanimate systems where 
it was feasible for them to remove and re¬ 
places tins or that object in the system to 
note the effect. Because this cannot be done 
by children with living systems, models of 
animals jaws and teeth(flat stones represent¬ 
ing chewing teeth and knives representing 
biting teeth) are used. 

Scaling and Reparesentation (2,2) The 
last two lessons in this unit are entitled “To 
What Scale Do Parts of Our Bodies In¬ 
crease in Length?” and “Do Parts of a 
Plant Increase in Length to the Same Scale?” 
In these lessons, children determine which 
parts of the human body and plants increase 
most and least in length in time. 

Discovering Systems. This is a third- 
grade unit under development and therefore 
tentative. The biological content of the unit 
includes (1) systems by which animals move, 
and (2) systems by which water circulates 
through plants. In connection with the 
farmer aspect, chidren study fin motion in 
swimming fish, wing movement in flying 
birds, and leg action in terrestrial vertebra¬ 
tes. The second portion of the unit begins 
with children investigating where water 
comes from on the inside of a plastic bag 
securely tied over a potted plant, leads to 
the examination of stomates, root action, 
and leaf venation, and ends with studies of 
water deprivation and the calculation of 
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Elementary School Science Project 
(University of California) 

Four biological units have become avail¬ 
able in published form during the past year. 
One of these is Part II of the series What 
Am 11; A Unit of Riman Physiology entitled 
How I move. (Part I was entitled How I 
began and included comparative studies 
of human and chick embryology.) 

How 1 Move is a study of the skeleio- 
muscular system of the human body. Part I 
of the unit introduces children to the nature 
and function of mu,scles and to their 
relation to bones and nerves. After a dis¬ 
cussion of movement, the following topics 
are taken up: muslce conlractibility, types 
of muscle tissue and their differentiation 
from other tissues, muscle metabolism,the 
difference between voluntary and involun¬ 
tary muscle action, and the role of the ner¬ 
vous system in muscle action. 

Part II of the unit includes Che skeletal 
system. Beginning with the concept of the 
skelelion as a framework, the activities bring 
out the function of the skeleton in body 
movement, its role in determining the shape 
of the body and as a protector of vital 
organs, and its need for calcium compounds 
in order to remain stiff and strong. 

Both How I Began and How I Move are 
designed to be part of the first, second, 
and third-grade science program. A third 
unit projected for the What Am 11 Series 
is entitled How I Know. In this unit 
children will investigate some of the ways 
in which they become aware of their external 
environment and how they are able to make 
the necessary body adjustments inorder to 
exist and to protect themselves within that 
environment, The suggested grade place¬ 
ment for this unit is the third or fourth 
grade. A projected fourth unit in the series. 


designed for the fifth and sixth grade, is How 
1 Keep Alive, a study of metabolism. 

Animal Coloration. An Introduction to 
Natural Selection is another ESSP Unit 
designed for grades 4, 5, or 6, The unit 
chose coloration because it is an adaptive 
attribute of animals that is easily observed, 
Although natural selection is introduced by 
considering how coloration may have deve¬ 
loped, it is not expected that most chidren 
will gain much understanding of the process 
yet. Various lessons, some utilizing living 
organisms and others using models, deal 
with such topics as functions of color, high¬ 
light and shadow, counlershadin , disruptive 
coloration, concealment of give-away parts, 
.shadow concealment, the vision of annuals, 
and advertising coloration. Because of the 
nature of many aspects of the topic, a 
number of lessons are vicarious experiences 
in the classroom rather than field work with 
live organisms. 

Botany for Beginners in Science is a study 
of the morphology of the Angiospermae for 
the early elementary grades. Lessons, in the 
order of their appearance, are as follo.ws: 
Finding Out About Living Things: Docmaht 
Seeds; Germinating Seeds; Structure and 
Relation of Parts of a Flowering Plant; 
The Leaf and Its Parts; Venation Patterns 
and Shapes of Leaf Blades; Base, Tips, and 
Margins of Leaves; The Stem; The Role 
of the Bud in Gowth and Differentiation of 
Plants; Variations of stems; The Herbace¬ 
ous Stem (Asparagus); Some Horizontal 
Stems; Underground Stems; External 
Features of a Woody Stem; The Root; The 
Generalized Flower and its Longitudina 
Mapping; Mapping the Ground Plant of a 
Flower; Flowers Pollination; The Arrange¬ 
ment of the Flower on the stem; Inflores¬ 
cence; Fruits and Seeds; The Seed Nee s 
Moisture to Start Growth and, How Seeds 
Travel. 
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Stories of fossils has been tested ingrades 
2 through 6. Basically, the Unit consists of 
a series of stories, each approximately 20 
minutes in length that can be read to chidien 
and discussed. Representative titles are 
“Folsom Man: The Bison Hunters,” 
“Ancient Deep Freeze,” ‘‘The Tar Pits at 
Rancho La Bren in Los Angeles,” “Dr. 
Leakey Finds a Very Old Fossil Man,” 
Deserts Were Not Always Deserts,” etc. 
There are four appendices entitled “Experi¬ 
ments,” “Your chool Museum Collect¬ 
ing Specimens of Fossils,” “Skeletons and 
Other Demonstration Materials, and 
“Summer Trips.” 

School Science Curriculur Project 

Most of the units of theSSCP will be avail¬ 
able later in the 1966-67 school year as it 
completes its woik. Two items of interest 
to biologists are now available in trial form. 
One IS not a teaching unit but is entitled 
Construction of Fifty-Gallon and Thirty- 
Gallon Aquariums. Plans are presented foi 
the construction of large, low-cost aquaria 
that most schools could not otherwise 
afford. The fronts are clear glass but the 
sides, backs, and bottoms are constructed 
of waterproof plywood with leakproof 
joints. 

Another unit, entitled Beans and Biology, 
contains three ideas that form the basis of 
the sequence of lessons science as a process 
of inquiry, measurement as a very useful 
investigative tool, and such broadly appli¬ 
cable biological concepts as the effect of 
temperature, soil, water, light, air, and 
reserve food upon seed germination. In 
addition to the eleven teaching lessons in the 
Unit are six Teacher Guides, including 
background papers on seeds and on quanti¬ 
tative methods, time table of activities, 
list of materials and equipment, construction 
details for such equipment as screens for 


sorting beans accroding to size, constant 
temperature chamber, drying apparatus, 
etc., bibliography, andglos.sary. Incommon 
with units from some of the other propjccis 
is an emphasts upon measurement and the 
introduction of statistical and graphing 
techniques useful in interpreting data. 

Another unit, Time, Space, and Species, 
deals with the ideas of evolution, genetics, 
and classification. Included is a game of 
Nimsects which serves to introduce some 
of the basic concepts of genetics. Sludcrits 
arc equipped with a set of cards which, 
when assembled, form a inytliic.il org.inism. 
the Nimscct (which looks like an msec!). 
The character of the Nimseet. type of legs, 
wing.s, etc,, is determined by “gcncltc in¬ 
formation” earned on IBM cards. 

Still another unit, without a fortiui title 
at this stage, deals with feedbaek control, 
with homeostasis being the prime biological 
example. 

Webster Institute of .Vlathemafics, .Science 
and Arts 

During the f.ill of 1966, WIMSA rdeased 
on the Fly, the first of four documents on 
the house fly. £\-en Flit’.\' Remcmhcr, .tn 
informal approach to heredity and geiiclics. 
Bringing the Mountain to MohamnwJ, The 
Contimmis Laboratory Approach arc the 
other works. On the Fly was originally 
developed with fourth and fifth graders. 

The house fly wu.s because, among other 
things, almost everything it docs may he 
easily observed if it is hmiscd m a proper 
cage. The fly spends its entire adult life m 
the open, feeding, breeding, cgg-laymg. and 
dying. He is large enough to watch c,S4ily, 
yet sntall enough to make the task of cultur¬ 
ing him SIMPLE- The Teacher’s guide 
is not offered as the ‘true” pathway to a 
child’s understanding of biology but only 
as a source of husbandry and relcvnfil 
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tcchaical data and as a report of significant 
anecdotes and selected experiments; it is not 
a course of study. 

A.Uhoiigh one could begin with any stage, 
the pupae is selected as the starting point 
because they neither wiggleaway orflya way. 
A one gal Ion jar will house 60-70 flics con¬ 
veniently. A base with small sides makes a 
convcninel support and a large rubber band 
can hold the jar has three onc-inch holes to 
hold souffle cups containing food, water, 
culture media,oreggs. A sleeve (chcesc-cloth, 
discarded man’s shirt sleeve or woman's 
stocking, etc,) over the opening allows easy 
access to the interior without the escape of 
flies. 

In. many classrooms this method of 
rearing flics, although eflicient, might prove 
to be impractical due to the quantity of 
larval medium required and the disposal 
problems. In these circumstances a Petri 
plate can be utilized to good advantage. It 
also makes it easy to tesst different environ¬ 
mental conditions such as temperature, light 
gravity etc. 

Elementary School Science Project 

(Utah State University) 

In connection with their fall 1964 teacher’s 
manual entitled Science for First Grade, the 
ESSP distributed a “Biological Supplement.” 
These materials contained, following in¬ 
troductory material, four units entitled 
“Observing,” “Classification,” “Growing 
Plants,” and “Microscopic Life”. Feeling 
that the old biological supplement failed to 
reflect the rationale and purposes to which 
the ESSP was committed, the group comple¬ 
tely revised the material and now makes 
available, on an experimental basis, a new 
biological supplement for use with Science 
for First Grade. 

The new Unit I, entitled “Observing,” 
now includes sections on General Environ¬ 


ment, classifying Aquatic Environment, and 
Terrestrial Environment. Unit II, entitled 
“cages,” includes Observing Bees, Ob- • 
serving Ants, Measuring Plant Growth, and 
Measuring Amphibians. 

African Primary Science Programme 

(Educational Services Incorporated) 

The APSP is currently building upon ESI's 
experience in Africa with mathematics 
materials. Two summer writing conferences 
have been held in Africa (Entebbe audDar 
es Salaam), several science education centers 
have been cstablislicd m African countries, 
and numerous tiial units are being tested 
in African schools. In all these units it has 
been necessary to come to grips with the lack 
of science equipment. Thus, butterfly cages 
arc improvised from bamboo and mosquito 
netting, electrical switches from bottle caps, 
and hand tools from hardened floor nails, 
Children use water-drop lenses to view 
objects closely. 

A brief description of some of the trial 
units produced during the 1966 summer con¬ 
ference in Tanzania follows. As will be 
seen, many of them are adaptations of units 
from U.S. curriculum efforts, particularly 
ESI’s own Elementary Science Study. 

Buds and Twigs. These studies begin by 
children deciding whether a stripped twig 
is dead. They plant various twigs (“right 
side up” and upside clown”) and eventually 
get into elementary plant physiology ex¬ 
periments. Gradually the studies extend to 
buds, flowers, apical dominance, and grafting 

The Fly Cycle. This is primarily an 
African adaptation of the WIMSA unit 
on the Fly. 

Ant Lions. Those familiar with the ESS 
unit Behavior of Mealworms will see many 
similarities in this imit. Basically, h tises 
the ant lion to teach many of the things 
being taught in this country with Tenebriti 



SCIENCE ABROAD 


229 


Thus, the childien try diffeient kinds of food, 
various mateiials, find out how quickly the 
ant lion finds a pile of sand, work on ques¬ 
tions such as “Can the ant lion see?” 
and “Will the ant lion follow a trail of 
sand?” etc. 

Chicks in the Classroom. These studies 
are similai to those contained m the Uni¬ 
versity of California Elementary School 
Science Project unit fVhclt Am 17 ffou’ I 
Began. 

School Mathematics Study Group 

Although not an elementary school 
science project. SMSG has recently icleascd 
booklets entitled Mathematics and Living 
Things Desinged for use in the Junior 
High School, a number of the activities 
nevertheless have potential for inclusion in 
elementary school science curricula. Some 
of the lessons are as follows; valuation m 


leaves, measurement of Icavc.s, ratio of 
length and width, paper chromatography, 
variation in humans, calculation of leaf 
surface area, iclationships between leaf 
surface area and water loss, counting .sto- 
inalcs, muscle fatigue, exercise and pulse 
rale, yeast metabolism, growth of molds, 
size of cells and metabolism coinp.irison of 
surface area and volume in organisms, 
volume of plants and plant parts (such as 
a cone), etc. 

Throughout all ihc.se activities, sucli 
mathematical concepts as the following are 
stressed: units, significant figures, ratio, 
giaphing, giealcsi possible cnor, .simple 
closed cuivcs, scientific notation, percent, 
measures of central tendency, construction 
of histograms, inicrpolaiion and cxrtra- 
polalion, curve fitting, coordinates, solid 
geometry, indirect measurement, area, 
volume etc, 
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A Broad Outlook for Plastics 


J. H. Cowie, Dept, of Chemistry 
University of Essex 


T WENTY-flve years ago this would have 
sounded like the beginning of a science 
ficlionnovel but today it reads like a heavy- 
handed, over technical, commercial ad¬ 
vertisement for the polymer industry. 
If one pauses to consider the variety of 
objects used and encounted daily, which 
are either man-made or naturally occurring 
polymeric materials, it soon becomes ob¬ 
vious that the opening science could be ex¬ 
panded into a catalogue far exceeding the 
length of this article. 

The growth of the polymer industry in 
the last thirty years has been dramatic: in 
Britain alone the annual production of 
synthetic polymers is now estimated at well 
over a million tons and this is only a part 
of the total world production. The number 
of scientific journals used to disseminate 
the information gained by fundamental 
research has increased five-fold in the last 
decade and the polymer scientist is faced 
with an accumulation of knowledge the 
assimilation of which is daunting at the 
very least. In this time, too, polymer science 
has been maturing and the public idea of 
plastics as “nasty and cheap” has been 
eroded and changed by a rapidly develop¬ 
ing technology which no longer produces 
substitutes but the necessary and sought 
after primary raw material. 

Not every polymer created m the labo- 
tatory is commerc ially useful and Indus- 
Reproduced from SPECTRUM, 58,1969. 


try tends to concentrate mainly (thoughnot 
entirely) on the .so-called “bread and but¬ 
ler” materials, such as the the polyolefins 
acrylics, and polyesters. But the fields of 
application are now so numerous and the 
uses so diver.sified that one can never 
afford to discard a polymer whose poten¬ 
tial has not been thoroughly investigated. 
The invasion of the home, and indeed all 
aspects of modern living, by man-made 
fibics and plastics is now taken for grant¬ 
ed, but there are other areas where the use 
of polymers may not as yet he so obvious. 
The immense flexibility of polymers in 
modern science and technology [can best 
be illustrated, albeit inadequately by a few 
random examples. 

As one endures the frequently damp 
British summer, it is haidly likely that 
thoughts of drought and water shortage 
arc liable to spring often to mind, but the 
same cannot be said for residents in some 
other parts of the world Add to this the 
more modern nuisance of water pollution, 
and it is immediately obvious that there 
will be a desperate need for pure water in 
the foreseeable future and to ignore the 
problem now could prove disastrous. With 
this in mind the use of polymer films and 
membranes in the desalination of sea¬ 
water and purification of river water contami 
nated by industrial waste, is being studiesd 
intensively. Although the detailed mecha¬ 
nism of this purification process—known 
as reverse osmosis—is not yet clearly un¬ 
derstood, in simple terms it can be consi¬ 
dered to be an uUraflllration in which the 
salt water is held, xmder pressure, against 
a membrane such as cellulose acetate. Con¬ 
trolled heat treatment of the membrane 
alters its semipermeability characteristw 
until a state is reached in which the mem¬ 
brane allows water but not the salt ibh* 
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to pass through. Thus, if the osmotic pres¬ 
sure of the solution is exceeded by the ap¬ 
plied piessure, fresh water flows through 
leaving an incieasingly concentrated salt 
solution behind. By the introduction of a 
flow system, commercially viable un,it.s can 
be constructed and are being tested at 
present. 

The sea, as well as being a possible source 
of fresh water, may also cover areas of the 
Earth containing a wealth of natural re¬ 
sources, Exploration of the seabed has 
already begun and it has been proved pos¬ 
sible for man to live and work under water 
for short periods of time. It is conceivable 
that polymer inembraires could play an 
important role in extending man's ability 
to exist under water. Ultra-thin silicone 
rubber raembianes liavc been developed 
which act like a synthetic fish gill. An 
experiment has been carried out in which a 
bird cage was coveied with one of these 
memberanes. A canary was then put in 
the covered cage and immersed in a fish 
tank. The polymeric network which is 
impermeable to weater allowed the oxygen 
dissolved in the water to pass rapidly 
through into the cage, thereby ensuring 
the bird's survival. The carbon dioxide 
breathed out likewise diffused through 
the membrane in the opposite direction 
and dissolved in the water. Jii this manner 
non-aquatic life can be supported under 
water and developments along similar 
lines may eventually allow Irumait being.s 
to live in this environment. 

It has also been suggested that films 
with similar characteristics could act as 
oxygen tents for sickbeds by allowing the 
preferential accumulation of an oxygen, 
enriched atmosphere around the patient 
without the need for auxiliary equipment. 
Although this technique has not yet been 
perfected, medical science makes good use 


of some of these chemically inert aiui pli¬ 
able polymers, which hasc been 'uncess- 
fully utilised for \aiious (limR*- such ns 
artificial eye corneas, hear! s.ihcs and 
replacement cartihiKC m car and nme snr- 
geiy. Application ol indymer membtanc-* 
in ariificinl kidnej' nuchiiies to remove 
miiieral.s and urea from the HIoihI stream 
while retaining bUnuI protein and icd sells., 
IS remiiiisceni ol llicir use m water punfi- 
cation, and illustrates ih.tt ,i p.irliodar 
property of a polymer may be csploitcd sn 
a variety of ways. .Attempts h.ise .iKo iKeri 
made to create an ariifici.tl lie.irt tif«m si|s- 
cone rubber hut this has Imich only p.irto 
ally .successful. It li.is Iven possiWe. how. 
ever, to repaii a ilcnuged heart sept am by 
means of a Teflon p.Uch. fins phistn Sms 
also niiule possible the rcKuIai use ol XhUkv 
machines, wheic confimi.il i.tppmt^ ol the 
patient's blood stream escnliuSiy S■*ccome«^ 
impractical, li was louiul th.ii as ihc inert 
chiiraeter of Teflon jrermits n lo rcrruiin m 
the body without rejection, lubes could be 
inserted and left in the patscni's arm w 
provide a connecting point for the tiueftme 
this allowing its use on the regular weekly 
basis as required. 

Many other applications arc being ex¬ 
plored. Hydrophilic gels arc bemg mad 
to rruikc conlacl lenses, and williotii liowbi 
the full potcniiul of polymer inalerMls m 
this field has not yet been reaiisied. 

Only rcccnily it was generally ihoiighl 
that few new polymers of eommercia! iiate- 
rc.st would be developed, bus rcquifcmeEl* 
change and engmeers and designers are 
constantly .searching for nuterials vrilh 
special properites which satisfy sptctic 
needs. For example, the strength and heal 
resi.stance of carbon fibre composites deve¬ 
loped recently has led to iheir l»tng used 
in sophisticated aircraft engines till now 
though impossible. Contrary to ejcpectn- 
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tiom, importanl new types of polymers have 
emerged, especially those exhibiting at¬ 
tractive mechanical and electrical proper¬ 
ties over extremes of temperature. 

The polyimides (Figure 1) provide exam¬ 
ples of the most promising of these new 
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groups, and some members are capable 
of withstanding a temperature range of 
—^250® to 400°C. The combination of 
thermal stability high modulus and excel¬ 
lent creep resistance and the retention of 
their electrical properties over such a wide 
range of temperatures has made polyimides 
essential vehicles and as fuel seals in jet 
engines. 

Most common polymers normally consist 
of long single chains of identical units linked 
together, but it has been discovered that 
thermal stability can also be increased by 
the synthesis of “ladder polymers” in which 
the molecule is composed of two chains 
joined at regular intervals by covalent 
bounds. The polyphenyl silsesquioxanes 
(Figure 2) are good examples of this struc¬ 
tural type and have been found lo be stable 
in air up to 525°C. Polyaromatic heterocycles 
are also being developed with excellent ther¬ 
mal and electrical properties and one 
member in particular, polybenzoxazione, 
has an estimated life time of 10 years at 
250‘C. 

It is quite obvious that there will be a 
oontinuing and growing demand, by all 
branches of industry for polymeric materials 


Figura 2 
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with specific properties and the increasing 
diversification of application poses problems. 
Constant discoveries by the laboratory 
worker can lead him acioss the paths of 
unrelated disciplines and creates the need 
for scientists with the ability to translate, 
the rapidly accumulating knowledge of the 
laboratory to medical and industrial appli¬ 
cation. 

This information explosion m polymer 
science although gratifying to anyone with 
interests in the field, brings its attendant 
dilemmas not the least of which is the neces¬ 
sity for the academic research worker to 
specialise to an increasing degree. In doing 
so he is in danger of losing sight of the uni¬ 
fied picture of polmyer science. Communi¬ 
cation is essential. The ingenuity of the 
synthetic chemist must be closely allied 
with the polymer physicist and physical 
chemist who can define material properties; 
finally, possible application must be re¬ 
cognised and developed. In the academic 
world the chain of events can be long, each 
link may be forged separately and often at 
great distances via the medium of the scienti¬ 
fic literature and the time factor is extend- 
ded accordingly. Industry cannot always 
be expected to bear the complete burden 
of research and development and in any 
case it may not have employees with # 
necessary breadth of outlook. 



SCIENCE ABROAD 


One way to overcome this problem is to 
form a group of scientists drawn from diifc- 
lent disciplines and channel their varied 
experience towards a central problem. In 
the University of Essex a polymer consor¬ 
tium has been formed consisting of six 
chemists, five physicists, five electronics 
scientists, five mathematiciaits, and two 
computer scientists. The aim of the group 
is to cultivate interdisciplinary research and 
postgiaduate tiaming in the broadest sense, 
and it IS hoped that the type of expeiicncc 
offered to graduates will better equip them 
to meet the challenge of the variety of 
problems with which they will be confronted 
in a modem technological society. By 
training polymei scientists in a co-opera- 
tive atmosphere wheie the combined talents 
and different view-points of research 
workers, already expert in their particular 
field, can be brought to bear on a .single 
unifying theme, one may expect to instil 
in a graduate a wider grasp of the subject 
and the capability of viewing his subsequent 
work in a more extensive manner. To achieve 
this end, multidisciplinary interlockingof 
many of the proposed research programmes 
is intended. Foi example, a study of the 
electrical conductivity of network conju¬ 
gated polymers is to be initiated. Schiff's 
bases (Figures 3) prepared by the poly¬ 
condensation of 1, 3, 5 tuforinyl benzene 
and various poly functional amines will be 
prepared by the synthetic chemists; the 
next step will be to study the physico-chemi¬ 
cal properties of these polymers which physi¬ 
cal chemists will do. The physicists will 
then continue by investigating the electri¬ 
cal properties which in turn will be tested 
for theii technical potential by the electro¬ 
nic engineers. Meanwhile, mathematical 
and instrumentation research will be ap¬ 
plied to the investigation of the funda¬ 
mental aspects ofthe polymerization process. 
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which Will enable contrnlkd prcpdratiim 
of the materials in he achieved. 
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Other projceis arc aKit planned Na 
polymeric membranes of the gmeral 
mentioned earlier are lo Ik mve^HRaicd. 
cross-linked networks and gch will Sac 
prepared and examined. J undarnentAl 
studies on polymer siniciure in relalion 
to properties are hcinn carried end. whkh 
may contribute to the uliiimie goal of de» 
fining criteria for the tailoring of palywer 
molecules with sj:>t‘cific and predictable 
characteristics. The integration and appli¬ 
cation of computers for high-speed data 
procc-sssing is an essential part of the gciwral 
programme and the corrclaiiim and mi«r- 
pretation of lhc.se data is being sttidied. 

There is perhaps no single complete 
answer to the problems of an expanding 
science, but surely modern research require* 
the integrated team-work of specialists, SirK© 
it is too much to expect every rndividtta! 
scientist to cope adequately with the whole 
polymer field, co-operative group thinking 
must be fostered; indeed the coMortium 
concept in universities may eventually con¬ 
tribute more widely lo the requirement# of 
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modem science and technology. mg financially. Of course, the research 

To launch the project the Science Re- programmes are only in their early stages 
search Council have awarded the consor- and it will be several years before the re- 
uum a grant of £ 51 792 over a period of suits of this method of working can be ade- 
three years and industry is also conlribul- quately judged. 
















Promoting Teaching 
by Machine 

Brynmor Joncs 

Vice-Chancellor of Hull University and 
Chairman of Britain’s National Council 
of Educational Technology. 

T here is a widespread feeling in Bri¬ 
tain—and not only in Britain that the 
technological revolution of our time and 
the closely related developments in com¬ 
munication present educationalists with 
unique opportunities to improve both the 
quality of teaching and the ease of learn¬ 
ing. 

Realising the potential of modern media 
and aids, such as television, film and prog¬ 
rammed instruction, the University Grants 
Committee, the Department of Education 
and Science and the Scottish Education 
Department set up a Special Committee in 
the spring of 1963 “to survey the current 
use of audio-visual aids in teaching and 
research in the pure and applied sciences in 
institutions of higher education in Britain 
and, taking into account their use in similar 
fields m comparable institutions in selected 
countries overseas, to assess their poten¬ 
tial usefulness and possible lines of develop¬ 
ment in Britain. 

After considering and sifting all the 
evidence, the Comm ittee’s attitude to the 
iy courtesy: British Information Service. 


value and impr»rlancc pf currenl 
vi.sual media and aidi m ihrir 

rcpcirt tn Ihcvc wtirdtn - 'Ti w dsfficiil* n**i 

believe that ihe 

can be greatly hcSpfd h> the iw autiw- 
visual Bids. A mtnJc of tomrowBstiiSwn 
which makes Iviih am laifAl and a wsuwi! 
appeal, with the lecituci sck*vlm« «hc 
most helpful to him and his stwfcntv pro- 
miscs to he m«<ic successfa! sficn ninplt 
oral commimicatton' am! “Wr fv* 

come increasingly convinici! that 
aids can help to improve the tiiwhsy •of 
teaching, and to ease and cnrith Ifntnnti 
processes.** 

Language l,aboifator!ts 

Although the Committee's Srrnu of 
reference referred spcciRcially to the fwtf? 
and applied sciences m msHLUtoJW of 
higher education, the Report itself doH 
with the iniporiancc of modern iuKdia m 
the medical sciences and emphasises that 
many of its recommendations are aj^jilscaWe 
to teaching m the hunuTinilics and «*» learn' 
ing processes in colleges, u’hrwh and in 
the Services. The Repsirt evaluates iht 
importance of Language Laboratariiw and 
there is an appendix on th© design of tli« 
kind of accommodation required for ite 
best and most eflicicni use of awduy-vtftml 
media and aids. 

Without attempting to trace firlly ih# 
evolution of every modem aid, ih# R^^ri 
contains many recommendatww on lt» 
use of individual aids and on the Lt»4 of 
educational planning which is required if 
their potential is to be fully dewtopd. It 
stresses that at local or instilutioiat kfWL 
there is a widespread need lo provide a etv 
ordinaied commimication service m mo&l 
academic institutions, and at iwtnmal level 
a Centre which vrould provide a focal point 
for the work, of existing organisaliw» 
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whose limited ;tnd often overlapping ncti- 
vitics arc uueo-ordinalcd and sometimes 
unknown- 

Such a Centre would concemratc on those 
services which cannot be rendered satis¬ 
factorily by smaller units, on the exploita¬ 
tion of new uucliovisiuil media and aids, on 
the training of stalT for university or college 
central units, on providing a co-ordinated 
cataloguing and library service and a 
comprehensive infornution and advisory 
service. 

The Centre should also provide courses 
of instruction on new methods and should 
undertake investigations either indepen¬ 
dently or in as.sociation with an educa¬ 
tional institution which has not the re- 
.sources to solve a pai ticulai problem or 
advance a new idea. 

Mr. Anthony Crosland, fJccrctary of 
State for Education and Science, following 
the report set up a National Council for 
Educational Technology. Some twelve 
months earlier he had spokeji of the ‘draw- 
Txing revolution in the technology of educa¬ 
tion’ and of the good effect this would have 
on the status of the teacher. Not all 
teachers, of course, are of this mind. 

While many are enthusiastic, some are 
apathetic and a number are lorn by doubts 
about the value and siguificance of modern 
media and aids. The Plowden Committee 
which inquired into primary education 
rebuts in ils Repoit some of these doubts. 

Enrich Enormously 

“Some primary school teachers think 
that such aids to learning as broadcasting 
television, cine film, filmstrip and discs 
are the negation of modem primary me¬ 
thods”? the Report says adding.” This 
is a mistaken view.. They enrich enor¬ 
mously the resources available to teachers 
and children’ and it goes on programmed 


learning could relieve the teacher of some 
routine tasks and fjcc them to exercise 
their influence more constructively.” 

It sums up by saying, ‘‘This is an age of 
increasing meclianisation. Inevitably, moie 
and cheaper mechanical aids will find their 
way into pi unary .scliools. Teachers must, 
thcrefoie, consider how they cause them 
best to enrich the ways in which children 
can learn'. 

At every level of education new possi¬ 
bilities aie being opened up by advances 
in the field of audio-visual media. It is no 
longei a question of using audio or visual 
aids us a way to help teachers to improve 
then traditional and established methods 
of leacliing. New possibilities in both teach¬ 
ing and learning arc now available to all 
who have the kuowlcdgc and the energy to 
develop them, 

Against this background, and the pro¬ 
bability that well befoie money was likely 
to be available to establish a National Centre 
other agencies would be canying out some 
of the functions envisaged for it, the Sec¬ 
retary of State for Education and Science 
has come to the view that the right course 
is to set up a more modest body to be known 
as the National Council for Educational 
Technology. The Secretary of State for 
Scotland and the Ministers responsible for 
Defence, Labour and Technology are all 
associated with the proposal. 

What will the Council do ? It will, in 
the words of Mr. Crosland, “give advice, 
colled and disseminate information, 
improve co-ordination, promote the train¬ 
ing of staff, and encourage research and 
development—and it will advise, in the light 
of its own progress and of othei develop¬ 
ments, on whether a National Centre is 

still required” The Council will not merely 
encourage research and development- 
projects by what it says as a body. It will 
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have access to funds which, can be used to of modem audio-visual media aie assessed 
support projects lecommended to it. intelligently and applied resourcefully, 

they can have a profound effect thioughout 
If, in the next few years, the potentialities the whole of our educational system. 
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Nobel Award for Woman 
of Genius 


Mrs. Dorothy Crowfoot Hodgkin, 

Wolfson Research Professor of the Royal 
Society and Professorial Fellow of Somet- 
ville College, Oxford. 

T his is iro tnte complmrent, her distmc- 
tion lies m the difficult subject of X- 
ray crystallography, to which she has given 
not only her skill and devotion—but per¬ 
haps more outstandingly an inliuilive 
insight that calls for exceptional human 
performance. 

The Royal Swedish Academy said she 
won the prize, worth just ovei £ 18,750 
(tax fiee), for the determmation of the 
structures of important biological com¬ 
pounds “by the difficult process of studying 
their behaviour while they were exposed 
to X-rays.” 



Mrs. Dorolliy Crowfoot Hodgkin 

The tccliniciue, the citation said, was 
difTicult to apply “and in complicated cases 
it makes heavy demands on the investifa- 
tor. In this connection Mrs. Crowfoot 
Hodgkin has shown exceptional skill, in 
which chemical knowledge/ intuition, im- 
agirration and perseverarree have been con¬ 
spicuous. Applying this technique she 
has succeeded in solving structural prob¬ 
lems which it had not been possible to mas¬ 
ter by other methods.” 

Professor Ciowfoot Hodgkin is the 
third woman to win the chemistry prize; 
the others were Mane Curie (in 1911) and 
her daughter, Irene Joliot-Curie (in 1935- 
a shared prize). It is also the second Novel 
Piize in her family hei husband is a cousin 
of Professoi A.L. Hodgkin, who shared the 
award for medicine last year. 

First Crystallographer 

She has the distinction of being the ffrst- 
X-ray crystallographer to determine the 
chemical structure of any substance solely 
by X-ray analysis, and is best known for her 
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work ojx peiiicilLin and UiLer on vilamin H- 
12, which IS essential in combating perni¬ 
cious anaemia. 

In 1954, when Mrs. Hodgkin obtained 
hei first results on vitamin U-12, chemical 
studies of the vitamin had led to theidcnli- 
lication of several sidegroups, but had left 
the core of the molecule as the cobalt-con- 
laining complex of largely unknown cons¬ 
titution. Us structure and the arrangement 
of its side groups, became known only as a 
result of the-ray analysis by Mis. Hodg¬ 
kin and her colleagues. 

This showed a metal-organic structuie 
of a kind not hitherto encountei'cd in na¬ 
ture, and of a complexity grater than any 
solved at that time by X-ray analysis. The 
structure has since beeir refined to a re¬ 
markable degree of piecision. 

Ill all her work Mrs. Hodgkin has sliowit 
notable inspiration. She has a genius for 
understanding what the initial illdefincd 
electron density ntaps derived from X-iay 
analysis are trying to tell her. By iitter- 
pieting correctly the first indistiitct picture 
of the structuie, and upholding hei inter¬ 
pretation even if it conflicted with estab¬ 
lished chemical experience, she ha.s been 
able to carry hei analysis to their unexpect¬ 
ed but right solutions. 

Described as the world’s outstanding ex¬ 
ponent of the art of solving complex chemi¬ 
cal molecules by traditional X-ray me¬ 
thods of trial-and-erroi and lefinement", 
she also shows an astonishing capacity for 
enjoying the lesponsibilities and pleasures 
of family life without appearing hard- 
piessed by the discipline of science 

News of the award—piof Hodgkin is 
the 22nd Briton to be awarded the prize 
since World Wai II—came to her in Ghana 
during a visit to her husband Mr Thomas 
Hodgkin, who is Diiector of the institute 
of African Studies at the University of 


GlfANA. 

It has been s.ml liuu Ihnir-.'" ( it 'An 
Hmiskin gives (he iwsle.nSirt: 

(hat slic seems ic.hIv i»t It".!!.- h* s HsUm.* 

laboralnry al Uie s.ill .d hri i.umi. “rt/j'' 
as imtcli msimsiaiUf .is IH WasUtu , a i*! 
to leave his piavlue lo.uvompaass Nh'-su-i i 
Hiilnves.” Hut in laci slic has an rvJr.i utth 
nary eapasiiy loi vniitcnlialn'n .nul is ahs' 
to work through all soils >»| (Sisu.utioJ!. 
that would interleic wiih llse mt'Ki.d pro 
ecsscs of lesser imlividu.Hs. 

Her siudy ol the arr.inecmmu oj atoms 
in three dimensions ftoni the vioetSion.. m 
which the electrons that surnHoul ilnein 
scatter X-rays calls lor a raihei spen.'lkimt 
of imagination and insight, fins she has 
developed to a remarkable dcgice, amS 
when asked once whether women migh! 
be better than men al imagining in ihrec 
dimensions, she replied after a pause ihai 
she did not think that was it. Women, 
.she .suggested, were perhaps better al think¬ 
ing of two things at once, because they spent 
so ntuch of their lives doing it and perhaps 
that came into it. 

Dorothy Crowfoot was born in Cario 
in 1910, one of four daughters of highly 
intelligent and scholarly parents. Her 
father Dr. J.W. Ciowfoot, was an histo¬ 
rian and archaeologist, for some time Di¬ 
rector of Education in the Sudan and later 
Director of the British Institute of Archeo¬ 
logy in Jerusalem. Much of her early child¬ 
hood was spent in the Sudan and in Pales¬ 
tine, where she was introduced to archaeo¬ 
logical excavation. 

She went to the Sir John Leman School 
at Beccles, Suffolk and later studied chemi¬ 
stry at Oxford. After taking her degree 
there, Dorothy Hodgkin joined J.D. Ber¬ 
nal at the newly established Crystallogra¬ 
phic Laboratory at Cambridge. This was 
housed in a dilapidated single-story build- 
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ing which formed part of Lord Ruther¬ 
ford’s Physics Department, and was next 
door to the so-called” “garage” where 
Cockcroft and Walton had just succeeded 
in the first artificial disintegration of the 
atom. 

Together with Bernal she took the first 
X-ray photographs of protein, crystals 
which has been brought from Sweden, and 
made the startling discovery that proteins 
are highly organized molecules in which 
each of the many thousand atoms has Us 
proper place, Back at Oxford in 1935 
Dorothy Hodgkin infected hei students 
with her own enthusiasm for X-ray crys¬ 
tal lorgraphy, and many of them became 
her research students and collaborators 
later 

Two years later (1937) she married the 
historian Thonras Hodgkin; they have, 
three children and three grand-children 
Mrs. Crowfoot Hodgkin now has a modern 
laboratory at Oxford; but in the mid-1930s 
she had to work in a basement room in the 
University Museum, designed by the Vic¬ 
torian art critic Ruskin to provide a home 


for all the Natural Sciences. It is said, visi¬ 
tors approached the Crystallographic Labo¬ 
ratory through a vast, lofty hall rather like 
a Victorian railway station, but filled in 
place of trains by the skeletons of dinosams 
and other prehistoric animals. 

To mount the crystals for her X-ray 
analysis she had to climb a ladder to a gah 
leryhy the windows where her micros¬ 
copes were placed—-a perilous journey when 
carrying, as m the early days of penicillin 
and vitamin B-12 work, perhaps the only 
available good crystal of the substance 
under study. Mrs, Hodgkin never seemed 
frustrated: she had a facility of abosrption 
which made her oblivious of surroimdings. 

She was elected a Fellow of the Royal 
Society in 1947, in lecogiution of her work 
on cholesterol and penicillin one of the first 
women to be so honoured. 

It is understood that Professor Crow¬ 
foot Hodgkin would like to set up a scho¬ 
larship scheme at Oxford and contri¬ 
bute somethig to the cause of peace and 
famine: this was her reported commment 
when told about the Nobel Award. 
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IKA. lopningv. sci-ilicurcuc appinath ii» pio- 
hahiltly. eiinip^iti:i and linear programm- 
The h.<MC phiUnophy behind Ihc choice 
111 ihese courses was lo acquaint the parli- 
sipanis with some oCthc key ideasot modem 
in,uh>‘maiics together with some ol tiieir 
appiicaiions. The pariicipants were pioeided 
with the lollowing hooks (i) S.M.P. Book 
r&1‘4 (logetlier with teachers guides (li) 
S.M.P. Advanced Part I (ml Transforma¬ 
tion Cieoni«;try hy Jeger (iv) Some lessons 
iHi Modi'in Mathematics by A.T.N. (v) 
\l M. r. \'ol t. The subject matter in the 
S.M.P. lor MMFl hooks formed Ihc basis 
o! discussiivn hy the participants in larger 
groups. I ach participant was assigned 
a topic from one of the SMP or MMI- 
topics h.'forehaltd and he or she had to 
iniliaie ihe discussion on that topic on the 
ilay fixed and announced before. Some¬ 
times. such discussions were extremely usc- 
lul and lively, parlieiilarly if it centred 
round a topic which hud it icicvuncc lo 
what IS being taught at schools at prc.scnl. 
There was another pan of these disciussion 
programmes; namely, the repor ling of.somc 
good articles on some aspcchs of malhema- 
m'Uics teaching from the bulletin Mathe¬ 
matics Teaching Published by A.T.M. 
(U.K.) Somclime.s small discussion 
gicmps were organized with a participant 
as a leader of group. It was left 
entirely to the discretion to the leader 
to choose the topic. The topics were usually 
either, from the text materials given lo 
them or, these with which they were con¬ 
cerned at. the .schools. There was another 
kind of activity by the participants, namely, 
the presentation of a model lession on any 
topic of new mathematics, for these were 
considered to be highly useful so far as 
actual teaching was concerned Tins is a 
iteW' feature of the Institute in this year. 
Aatother. new item introduced m the prog¬ 


ramme was the demonstialion class. Two 
such chusscs with two differenl groups of 
hoys from two Calcutta Schools, were 
taken by the two British Consultants and 
these were exceedingly successful and 
valuable too. foi these helped a good deal 
111 remove the sceptici.sm that often hover¬ 
ed round the inmds of some of the parti- 
cipam.s' at the school level In all the 
weeks, Iw'o period.s were allotted for film- 
shows aitd the films such as T do and I 
undersland', ‘Maths Alive’, ‘Maths & 
Monster' etc that were essentially malhe- 
inulical enabled the participants to get a 
glimpse of what oiheis have been doing in 
regard to new m'lthematics. Some interest¬ 
ing film strips (some on slide-rules and on 
Iranformalion geometry) weie brought hy 
Mr. Tayloi fiom IJ K and these were 
shown lo the participants. There was a 
library attached lo the Institute and parti¬ 
cipants availed themselves of some of the 
supplementary books kept there, iit the 
afternoon. A qiuz-contesl was organi¬ 
zed and this was veiy exciting. Tutorials 
would noiinaly deal with the topics taken 
up in the lectures. 

Thcic were three guest speakers at the 
Institute. One of them Mr. B. Dutt beloga- 
ing to industry,dcliveied two lectures on 
computers and linear systems. Dr. M.C 
Pant, Head of the Department of Science 
Education, NCERT talked to the parti¬ 
cipants on some aspects of science educa¬ 
tion in India, Dr. J. Schroggs, Chairman 
of the Department of Maths, Arkanasas 
University (U.S.A.) gave a useful lecture 
on mathematics programmes in Schools 
in U.S.A, 

The participants visited the computer 
centre of the University and also the Birla 
Science Museum of Calcutta A boo 
exhibition was organized by the British 
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Council at the Univeisity for a week, and 
the paiticipants could get an opportunity 
of going through some important publi- 
cations in science and mathematics in U K 
A bulletin containing ai tides on elToits 
for reforms in mathematics education m 
our countiy and abroad by distinguished 
persons was published and distributed to 
each of the participants. The paiticipants 
also attended three meetings of the Mathe¬ 
matical Association of Jadavpur, in 
which the thiee foieign gue.sts talked 
about some mteisting topics in mathe¬ 
matics . 

The Suinmei Institute was an oppoi tumty 
to the NCERT Study Gioup in Mathe¬ 
matics at the Univeisity to look for the 
reactions of the mateiials prepaied by it 
from the participants of the Institute. As 
m last yeai, some cyclostylcd mateiials 
such as School Geometry—A new book*. 
'Transformation Gemoelry Pt I’, weic 
distributed to the participants who in turn, 
were requested to give to the Director of the 
group their views Apart from these each 
participant was also given a cyclostylcd 
copy of the Geometiy curriculum for 
middle schools together a report of the 
activities of the group Some of the peiiods 
of the last week were entirely set apart 
for these discussions and all the membeis 
of the Gioup, including the lout school 
teachers, weie piesent in each of these dis¬ 
cussions. The interest evinced by the 
participants in these materials would be 
highly useful m recasting the materials 

A Note on Courses in New Mathematics 

The mam purpose of the courses is to 
touch briefly upon a number of key ideas 
that constitute what has come to be known 
as new mathematics’. It is a necessity that 
a teachei should be well aware of whal 


exists beyond what he just le.ichcs. hurl 
if in keeping with the avowed goals lo 
curriculum in new mathematic.s, a teac 
IS lo intioduee cllectively modern eoiict 
in an intuitive and informal manner 
his .students, he has to know the ton 
treatment of the topics. The courses to 
taught at this institute have been fran 
largely with this end in view The gu.id 
principles in formulating the courses i 

(i) they should reflect the conteinpoii 
view what mathematics is and what it dt 

(ii) they .should leckon with the abstii 
nature of mathemaUcs (lii) they slun 
take into consideration the aspect of t'pp 
cation of mathematie. It may, tlius, be he 
that thc.se backgiouiul eourse.s coalamn 
some unifying elements will enable ll 
participants to get the glimpses of moth 
nratics a.s an intcgiatcd whole and not i 
mutually exclusive branches (A.Igcbr 
Geometry and Ariihntelic) as has bee 
followed hitherto. 

A course in inalhematios has lo -piocoe 
with ‘set theory as a basis, for it is largel 
through the .set theory, mathematics ha 
acquiied a unity. 

A preliminary discussion on sets wil 
lead into discussion on pundied cards anc 
‘transfonnatioiis' (initially only the iso- 
wetries), that will lead to discussion on 
^matrices and 'vectors' and finally, to 
'gioups'. Then the geometrical aspect of 
'transformations' will be taught by one of 
the consultants from U.K. and the other 
consultant will tackle them fiom the alge- 
biical point of view and m this way, they 
will knit together then work nicely 

The naive understanding of set theory, 
so basic to the comprehension of to-day's 
mathematics, will be made use of by ano¬ 
ther member of the sfaflf to prqoeed .Wiith 
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the ‘iJjKrations' and algebra Scls rclu- 
twfu; (ml jimturns' 

It IS an admilted fact that the algebraic 
structures such as 'ri/ij*', ^ficht and 
tiamwii' from the foumhiliou to 
the study of all inaihcmalics, as they, too, 
are the unifying elements. A formal study 
of these structures with a bit of details 
will k taken up by a second member of the 
stair. He will devote a part of hi.s lectures 
to another important idea on 'vector spaces' 

An inkling of the elements of 'theory 
of nimberi such as 'Me numbers, prime 
and composite numbers, primes faciorhation, 
dirisibility, LCMn G>C,M, etc. will be given 
by a third member of the staff. A part 
of his lectures, will be set apart for descrip¬ 
tive statistics dealing with 'histograms, 
freeptmeies, median, mode, arithmetic mean, 
quantities, decibles, standard deviation etc.’ 

Undoubtedly, 'topology' is one of the 
core topics of mathematics and some lec¬ 
tures, essentially based on appeals to 


institution, will be delivered on it. Tliesame 
gentleman will deal with two kinds of 
applications of set theory. The first of 
these IS 'probabilily' that synthesizes much 
of all fundamental elements and structures 
referred to above. The second of them is 
'mathematical logic' that would be intro¬ 
duced as an application of operation on a 
set and a bit of 'Boolean Algebra' may be 
dealt with. 

The last two topics on 'linear programs 
mg and computers'--Me designed to give 
an idea how the basic skills acquired in 
mathematics arc relevant to the solution 
of applied problems in industry, A member 
of the stair will dwell upon each of these 
topics. 

The above repiesents, in brief, the 
tentative outlines of the course to be 
taught of the Institute. But it is the teaeh- 
ing, it is the method and it is the approach 
that can unfold the essence of the syllabus 
that might have to be adapted to meet the 
classroom situations. 




First Signs of Life and the 
Rh Factor 

TN some cases of Rh. incompatibility, 
where the mother is Rh negative and 
the father Rh positive, the gynaecologists 
want to know whether the child in the 
womb IS affected. In Hadassah, Prof. 
W.Z. Pohshnk has introduces a new me¬ 
thod known as amnicentesis, which involves 
the removal of a small quantity of amnio- 
tic fluid from the womb. The doctors exa¬ 
mine the fluid in a special spectrophoto- 
metric examination. This tells them to what 
extent the child is affected and whether 
they have to deliver it immediately by 
Caesarian operation or whether they can 
wait for a normal delivery. 


Another method being used is placen¬ 
tography, whereby the doctors determine 
whether the placenta is functioning nor- 
naally or not. In this method isotopes arc 
used to locate and to detect any malfunc¬ 
tion of the placenta. In this way, the gyna- 
naecologist can determine whether there is 
any danger to the child m the womb, 
as, for instance, in the third stage of pre¬ 
gnancy in cases of bleeding, or whether 
drugs should be administered to benefit 
the foetus. Another technique being used 
at Hadassah to establish the condition of 
the foetus is the study of exertam enzymes 
m the leucocytes or white blood cells If 
the enzymes change m quantity then the 
doctors know that the patient must be 
treated or the prognosis should be evaluated. 
Or the cytology of the cells of the vagina 
may be studied to evaluate placental func¬ 
tion during the last tnmester of pregnancy. 

Saving the Baby 

The number of people whose red blood 
cells are Rh negative vanes in different 
countries. In China and Japan, for ins¬ 
tance, the percentage is as low as one per¬ 
cent; among the Basques, in Spam, it is 
as high as 35. Since Israel is a land of im¬ 
migration, the percentage varies accord¬ 
ing to the country of origin of the various 
communities: Yementies, Persians aqd 

Kurds have a two per cent Rh negative 
frequency, while the percentage among the 
communities of European origin reaches 
15. 

The Rh negative factor in a person’s 
blood only becomes important when hus¬ 
band and wife show what is known as Rh 
incompatibility. In cases where the mother 
IS Rh negative while the father is Rh 
positive, and, in addition, both his genes 
are Rh positive and the Rh positive factor 
is passed on to his offspring in every case, 
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.1 silUiitioji ariics in which the mother 
Rh negative and the foetus in her womb is 
Rh positive. The mnthci then produces 
amibothcs against the red blood cells of 
the foeius, and these caiisc it to suffer from 
haemolytic anaemia and jaundice. This 
invariably re,sulis in the death of the foetus 
if It i.s left m the uterus. In fact, the baby 
IS doomed, unless it is rentoved from the 
wontb and leccives appropriate treatment 
by exchange transfusion. This is naturally 
not feasible in the filth, sixth or seventh 
month of pregnancy, when the child is not 
Vet viable. 

Until four years ago, there was no solu¬ 
tion to the problem, and all such babies were 
burn stillborn. Then a New Zealand doc¬ 
tor by the name of Lily performed the 
diflicult task of giving blood transfusion 
of fresh Rh negative blood to the foclus 
while still in the mother's womb, so that 
It could continue to grow there until viable. 
In this way, the results of the blood disca.se 
were checked for a while and the life of the 
foetus prolonged. Giving these intra- 
iLterined blood tra ns fissions is an extre- 
tremely difficult technique, requiring great 
.skill, modern X-ray television equipment 
and teanrs of well-trained doctors. 

The transfusion is given by means of a 
needle into the body cavity of the foetus 
and there is gieat danger that the needle 
may damage the foetus in some way. In 
order to avoid this, a contrast medium in¬ 
jection is given into the mother’s womb 
befoic the transfusion is given to the foetus. 
The foetus swallows the contiast medium 
and this causes its intestine to show up 
clearly on the X-ray television screen. 

To perform the transfusion X-ray tele¬ 
vision is used. This has the advantage that 
radiation is ieduced to a minimum and the 
image is thrown on to a screen some dis¬ 
tance fiom the operation, so that members 


of the team can all see the operation ia 
process. The doctors watch the foetus on 
the X-ray teicvi.sion screen and because 
the foetal intestine shows up clearly, the 
needle may be guided so that it does not 
danugc any other organs of the foetus. 
When the needle penetrates the abdominal 
cavity of the foetus, a polyethylene tube is 
pa.sscd through it, and a blood transfusion 
of fresh Rh negative blood belonging to 
the O group is given slowly over 35 to 40 
minutes. The polyethlene tube and needle 
are then removed 

Although there is dangei to the foetus 
m the use of this technique, it must be re- 
membeied that without it the baby is 
doomed to die. A decision as to just when 
to start giving the foetus these intrauterine 
transfusions is made by the doctor accord¬ 
ing to a pigment test of the fluid in the 
uterus which surrounds the foetus, known 
as ainniolic fluid This fluid is coloured 
yellow brown by the destruction of red 
cells in the foetus According to the colour 
of the amaioiic fluid the doctor knows the 
.slate of the haemolytic disease in the foetus, 
If the foeius is six or seven months old 
when the decision is taken that it needs 
these intrauterine transfusions, then these 
will have to be given every two weeks until 
the foetus is big enough to be delivered 
either by Casaiian operation or by induced 
labour 

A team of doctors in the Gynaeocology 
Department of the Jerusalem Hadassah- 
Hebrew University Medical Centre has 
leccnlly performed this difficult technique 
of giving blood'transfusions to foetus while 
still in the uteius, for the first time in Israel 

Dr, Zukerman reports that the mother, 
who is of Iraqi origin, has been in Israel 
for 17 years. Her husband is also from 
Iraq. The mother has three previous still¬ 
births m Israel. 
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She came to Hadassah Hospital when 
the foetus-in her fourth pregnancy was 
SIX months old. According to. the pigment 
test of the amniotic fluid, the foetus would 
die if a blood tiansfustion were not given 
to It Within SIX 01 seven days. 

The baby at that age is too small to 
survive a Caesarean operation. The baby 
girl was born last week, after having three 
blood transfusions while it was still m the 
womb; it was given thiee complete blood 
exchange tiansfusions within the 36 houns 
after birth. The baby is ten days old and is 
taking-its milk fiom a bottle alieady. The 
mother is extremely happy foi she knows 
that but foi this new technique she was 
doomed to be childless 

The intrauterine blood transfusion tech¬ 
nique is being used today in America and 
England. However, U is regarded .still as 
extremely difiiculi. Eveiy case in the world 
IS reported and published in literaluic and' 
m only 50 per cent of cases does the foe'tiis- 
survive, 

Ill the last few weeks, live pregnant 
women with the Rh incompatibility factor 
have come to Hadassah foi treatment by 
means of the new technique. Tirey know 
that they have no hope of delivering babies 
who are alive and well without the intraute¬ 
rine blood' tranfusion technique 

By Courtesy. Consulate of Isiael, 
Bombay. 


Tethered Mosquitoes used in 
fight against Elephantiasis 

*T'ETHERED mosquitoes, flying in a 
A stream of air but not moving, are 
being used in the fight against the tropical 
disease elephantiasis. • - - - —- 


At the Lniicrsil) of l.ivcipoui. the in¬ 
sects aic under study because ihc vtorm 
that causes the disease is earned by mos¬ 
quitoes, Changes of wing-hcal frequenc) 
are being examined, because during a pari 
of Its life-cycle the worm lives in the flight 
muscle of the inseci, so changes m infccied 
mosquitoes' flight performance may require 
changes in coniiol measures against the 
carriers. 

Cause of Disease 

Elephantiasis is caused by blockage of 
the lymphatic glands and channels by parasi- 
lic woims. called lilariue. Legs -and arms 
—can become swollen to inonslrous pro- 
poilions. The worms are transmitted by 
mosquito bites. They maiiirc in the 
huin'in body and then release millions of 
microfilarae into the blood siieiim, from 
wbere they arc taken up again by mos¬ 
quitoes feeding on blood for the round 
*to begin again. 

Flight muscle is the power plant of the 
mosquito's wings and it is richly supplied 
with oxygen and nutiicnts. The parasitic 
laivac feed on this and, of course, affect 
the mosquito's flying capabilities. The aim 
of the Liverpool research is to find out 
how much the effect is, by measuring the 
wing-beat frequency and other things such 
as duraliou, speed and range of flight. 

AVind Tunnel 

The mosquito is tethered by a dab of 
glue into an entomological pin, being fixed 
in the correct flight attitude. Placed in g 
small wind tunnel, it will fly if a gentle ah* 
flow IS. directed on to it. Wing-beat fVe-' 
quency is measured in two ways—by a 
piezoelectiic pick-up attached to the piifi 
and by a stroboscope. Mosquitoes haTq also , 
been flown on a round about tp ntsasute, 

- speed an<i -distance -at-thh -satne tfme . ^ 
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Wing beat frequency, so that this could paign against elephantiasis, bat it tuay 
be related to speed changes. Frequencies help against other mosquito-bome diseases, 
vary, but mostly they are in the range of These include malaria, yellow fever and 
24,000 to 30,000 beats a minute. dengue fever, which affect millions of 

Such research should assist in the cam- people in different parts of the world, 

Sy Courtesy : British Information Service 
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Secondary School Science 
Teaching Project 

T\ETAILS of concept analysis of the 
syllabi in Physics, Cheintsliy, 
Mathematics and Biology of the senior 
high school were made in the Department. 
Writing assignments for chapters of the 
different books were made and the work 
has commenced on this stage of prepara¬ 
tion of instructional materials 

The periodical school visits have been 
resumed and three batches of experts and 
officers of this Department have started 
visiting experimental schools in Delhi. 

The English edition of Part 111 of the 
series Science for Middle Schools’ have 
come out in English. The Hindi versions 
are expected. Those that have come out 
are Part III of Physics and Biology and 
Part II of Chemistry and Part III of Arith¬ 
metic—Algebra and Geometry Part III 


Arithmetic—Algebra in Hindi has also been 
published, 

Unesco—Unlcof Project 

Under this project dialogue between 
the Central Ministry Team and (he Slate 
Directors of Education has begun. Dr. 
M.C. Pant and Mr. A.W. Torrie, UNESCO/ 
UNICEF Consultant went to the States 
of Tamil Nadu, Gujarat and Maharashtra. 
During the quarter they held discussions 
with the respective Departments of Edu¬ 
cation and Secretaries of Education on the 
matter of implementing the project in the 
State. The Tamil Nadu State has drawn up 
a programme of the project in experimental 
schools all over the State. As the first part 
of this agreement materials are being sent 
from the Department for purpose of trans¬ 
lation and adaptation. 

Shri N.K. Sanyal and Mr. A.W. Torrie 
went to the states of West Bengal, Orissa 
and Assam in September 1969 as members 
of the Central Ministry Team to discuss 
with the State Govenunents the implele- 
mentation of the pilot project of the or¬ 
ganization of science education in the 
school level. They had discussions with 
the Education Secretary, West Bengal 
together with the D.P.I. and senior ojfioers 
at Calcutta; with the Minister of Education, 
D.P.I. and officers of the Education De¬ 
partment at Bhubaneshwar and the Mini'S: 
ter of Education, Secretary, DPI and 
officers of the Education Department at 
Shillong, The target dates for the trant!* , 
lation, printing and trainng programmes * 
were decided, The Unicef and the MpSKjl:" , 
were to supply equipment and instmotionail 
materials to the States, • V V 

The manuscript fbr 'djasaiill 
has been compietediand.aEt IS. '■ 

graphed .and copies ' 
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Slates Liiid olhci plaecs to be used for then 
translation and lor feedback of opinion. 
Laid tins would be printed to he used in 
Ihe experimental schools. 

Study Groups 

The Coordinating Committee meet¬ 
ing of the study Gioups was held on 12th 
Septembei 1969 under the Chairmanship 
of Dr. D S. Kolhuri. The Committee 
lias leeoramended that Study Groups 
should be continued beyond 1970 as the 
scope of work of Study Groups has now 
been widened. The groups aic now pre¬ 
paring not only the text and teachers guide 
but arc also developing pioto-type.s de¬ 
monstration kit, film-strips and supple¬ 
mental y leading materials. It has been 
1 ccommended that the Study Groups may 
be continued up to March 1971 at the lirsl 
instance. 

The materials already prepared by thus 
Study Groups would be made available to 
all the States for try out in 30 cxpeiimental 
schools in each Slate. The States would 
be using this material either by adopting 
or adapting it. 

Mathematics Study Group 

The trial editions of Class V and VI 
Algebia and of Class V, VI and VII m 
Geometry have been prepared. These aic 
to be leviewed by the Editorial Boaid in 
October, 1969. 

Physics Study Group 

These groups have prepared Pai ts 1 and 
II and the former is in the press, The 
Teachers’ Guide in Physics is under pre¬ 
paration 

Chemistry Study Group 

Jhe Groups have prepared Book 1, II 
ami III and work on books for Classes 


IX and X has begun. The Chemistiy 
Groups have also started developing mate- 
iials for lllm-stnps. 

Biology Study Groups 

Text material lor Classes VIII, IX and 

X arc neaiing completion and it is hoped 
that these manusciipts would be sent to 
the press by Decembei, 1969, 

Mathematics Study Group 

Di J.N. Kapur, Convener of Study 
Gioups in Mathematics has gone to the 
United States of America oii assignment 
for one ycai. Piofessor K, Venkatacha- 
liengai, the Diicctoi of the Study Group 
at Bangaloic has been lequested by the 
Co-ordimUing Committee to act as Con- 
venci foi the Mathematics Study Group 
diuing the absence of Professor J.N. Kaput 

National {science Talent Search Scheme 

Preparations aic being made foi the 
holding of the N.S.T.S. Aptitude test in 
January 1970. Application forms have 
been distributed to various nrstitutions 
all over the country. 

Details of the programme rn connec¬ 
tion with the conduct of examination m 
legional languages have been finalized with 
the Diiectors of the N.S.T.S. Associated 
Cenlics at different Univeisities. A team 
of Science Talent students fioin U.S.A. 
and U.K. came to India at the invitation 
of the NCERT and the Ministry of Edu¬ 
cation. The team consisted of 10 Ameri¬ 
can students and 5 British students of age 
between 17 and 18 The group from each 
country was led by an eminent Professor 
of that country. The team with their 
leaders were received at the Auditorinm 
of the Department of Teaching Aids on 
Septembei 11,1969. Students from abroad 
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weie given a chance to mix with the Science 
Talent students of India They lived to¬ 
gether for three days and a visit to Agra, 
for the visiting team was ariangcd on 10th 
September Pi of. Herry Messel of the 
Univeisity of Sydney School of Physics 
was also here at the same time As a 
sponsor of this International Science School 
he was happy to be associated with the 
NCERT 

‘The Statistical Repoit for the yeai 
1967’ and “Project Reports by Young 
Scientists” for the yeai 1967-66’ were 
brought out. 

Supplementary Readers 

“The Discovery of Oceans” had been 
printed. This publication brings the total 
number to four so far. There are 3 manus- 
ciipts still in the pi ess 

Unesco Experts 

Dr. Y. I. Naumov, the cxpei t in Che¬ 
mistry in the team of Unesco Expet ts left 
New Delhi in July ‘69 aftei the expiry of 
his term in the team. Dr. M.F.-Kolpakov, 
expert in Physics joined the team in 
September 1969 

Fellowship Training Programme Under The 
Ncert-Unesco Project 

Under this piogramme five persons from 
the Department have gone to USSR foi 
training and observation of then school 
education system in science in the USSR 
The officers who have gone aie—Dr M C. 
Pant, Head of the Depeartment for two 
months, Shri R.C Sharma, and Dr. B.D. 
Atreya Readers m Mathematics, and 
Chemistiy, Shri S.P. Sharma, Lecturei in 
Biology, Shri Mohinder Singh, fine mechanic 
of the Central Science Workshop, each for 
.SIX months, Mr Krishna Murti of the 


Cential Science Workshop is alieady in the 
USSR. He went in the month of July. 

National Council of Science Education 
Participants Prograninw. Mr Rajeudra 
Piasad fronr the Department has proceed¬ 
ed to the U S.A. Ibi a peiiod of ihiee 
months iindei this prograntme. 

Central Science Workshop 

New sections of the workshop like the 
Optics Sections, Electrical/Electronic 
Section, Plastic Section, Packing and 
Assembling Section have been commis¬ 
sioned for work. Machines which had been 
received eailier but not used for lack of 
power have been erected in these sections. 

A tiaining course to tram oui workers’ 
on the new machines was started and im¬ 
parled to a few workers of this workshop 
outside their office working hours The- 
training course is for live weeks after which 
theie will be a trade test. The successful 
candidates will be awarded certificates. 

The Central Science Workshop has 
now beeir divided into two separate 
wmgs one for pioduction and the other 
for developineirt. The productiorr work 
includes plaraung and corrtrol, pioduction 
and maintenance. The development de¬ 
partment corrsists of proto-type develop¬ 
ment, deesign and estimation, inspection, 
quality control and standardisation 

Development 

The development of Class VI1 kits was 
conducted arrd completed during this 
period. The kits have been tried by specia¬ 
lists in the Science Department and after 
their approval plans have been drawn for 
the production of 300 kits 

Development of class VI, VII and VIII 
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items 111 Malhcnialics were done during 
the quarlei. 

Work of the development of Class VIII 
Item in Physics was started from 1st August 
1969, The ray box which would enable all 
expeiimcnls in optics to be performed has 
since been developed. Electrical items have 
also been developed and drawings are 
being made, 

Production 

Work on ‘Project 250’ for Class VI has 
been completed, ‘Project 300’ for Class 
VII has been started from 1st September, 
1969. 

Contributions by the Department to other 
Agencies 

--"The'olficers of tins Department have- 
served as experts on the Interview Board 
of Nigerian High Commission for selection 
of Science teachers from India to serve in 
Nigeria. Several such meetings have taken 
place. 

Visitors 

During the three months of this report 


the Depaitmeiit received a large number 
of distinguished visitors from the different 
parts of the world. All these visitors spent 
considerable time in the Department exa¬ 
mining the various materials developed 
for teaching of Science and Mathematics 
and visiting the Central Science Workshop 
and Instiuctiojuil Material Centre of the 
Department. Some of the distinguished 
visitors were piesented with the selected 
publications of the Depaitment. The 
following aie some of the important visitors, 

1. Shri Wainasuriya, Director of 
Education, Ceylon on 14th August, 
1969, 

2. Dr. Norman Alison of the Nuffield 
Project and Dr. F.W. Franklin of 
WCOTP on 27lli August, 1969. 

3 Mr. Zarubin of UNESCO on 27th 
August, 1969. 

4. Dr. Rozar Kampa of University 
of East Anglia, Norwich U,K, 
visited on 12th Sept. 1969, 

5, Vocation Guidance Trainees visited 
the Department on 13thAugust, 1969, 
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International Union for 
Conservation of Nature 
and Natural Resources 


T he International Union for Conserva¬ 
tion of Nature and Natural Resources 
(lUCN) was founded in 1948 and has its 
headquarters in Merges, Switzerland. It is 
an independent international organization, 
whose membershp coinprises states, govern¬ 
mental and private organizations, and inter¬ 
national groups. It represents those who 
are concerned at man’s modification of 
natural environment through the rapidity of 
urban and industrial development and the 
excessive exploitation of the earth’s natural 
resources, upon which rests the foundations 
of his survival 

Objectives of lUCN 

The main purpose of lUCN is to promote 
or support action which will ensure the per¬ 
petuation of wild nature and natural resources 
on a global basis, not only for their intrinsic 
cultural or scientific values but also for the 
long term economic and social welfare of 
mankind. To further these objectives, the 
union promotes: 

Awareness through education, so that 
as many people as possible may understand 


the value and importance of renewable 
natural resources and appreciate the need 
to use them wisely. Activities include, 
general assemblies, regional meetings, sympo¬ 
sia, and the dissemination of information 
through the press, radio, films and T.V. and 
through publications. 

Research to discover the best measures 
for conservation and to advance the study 
of ecology upon which all practical conserva¬ 
tion depends 

Assistance in providing advice based on 
ecological considerations, scientific and 
technical data, sotirce material and references, 
and all contacts required for the coordination 
and conduct of practical conservation pro¬ 
grammes. 

Action on a national and international 
scale, by enlisting the cooperation of govern¬ 
ments and international agencies in support 
of conservation programmes as well as in 
strengthening legislation and improving its 
enforcement 

What lUCN Does: 

The Union’s main field of activity lies in 
conserving the plants and animals, the soil, 
water, air, and other natural wealth which 
constitute the earth’s basic assets; dealing 
with threats to the quality of the natural 
environment especially of wild lands and 
living resources, and proposing methods 
by which such problems may best be resolved 
and promoting action and educational 
measures to advance the qualify of the human 
environment. 

The Union takes a leading part in the 
protection of rare species, particularly those 
threatened with extinction, in the perpetua¬ 
tion of natural habitats for wild anirnals, 
and m encouraging the establishment of 
national parks, reserve and sanctuaries 
for aesthetic, scientific and recreation^ 
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purpose'!. The I'liinn is concerned at the 
encrc'achniciU of man upon llie natural 
•wne, and regards as of particular impor¬ 
tance the need for ecological principles to 
be applied to all land-used planning. tSnice 
its foundation, the 1 ininn has de.ilt directly 
with governments on great many occasions, 
in imder to draw attention to the dangers 
threatening the natural resources of their 
countries. These intercessions have in¬ 
variably been received with understanding 
and usually followed by constriietivc action. 

Organisation of lUCN 

The UlC'N operates through a number 
of commissions and committees, each of 
which specialises in dilTerent aspects of the 
Union’s work. C hairman of commissions 
arc appointed by the Oeneiul A.sscmbly; 
members arc appointed by the I.xeoutive 
Board on the recomiuciulation.s of the com¬ 
missions. The commissions are responsible 
to the Executive Board, a body comprising 
upto 18 leading conservationists, represent¬ 
ing the principal regions of the world. The 
headquarters and secretariat of the Union 
and the important van Tienhaveri library 
are at Merges, Switzerland. 

njCN Commissions 

Survival Service Commission; fts task 
is to prevent the extermination of threatened 
species of wild life. It investigates the 
status and ecology of rare species of plants 
and animals and gives advice and help in 
safeguarding them and the habitat upon 
which they depend. The commission main¬ 
tains a list of threatened species and insti¬ 
tutes appropriate action to safeguard them. 

2. Commission on Education. Primarily 
responsible fox educational aspects of the 
Union’s work and acts as a clearing house 
for educational material relating to the 
conservation of nature and natural resour¬ 


ces, the commission uses the press radio 
lilms and T.V. for advancement of con- 
.servutioii education. Regional committees 
have been set up to ensure that its activities 
take elfective account of local conditions and 
needs. 

3. Commission on Ecology: Serves as 
the primary scientific body for the Union, 
It gives advice on pioposed projects, spon¬ 
sors scientific meetings, assists with the 
technical aspects of general assembly pro- 
granuncs and maintains liaison with the 
rnternational Biological Programme It has 
sub-comnuttes to specialise on (1) Eco¬ 
logical aspects of sod and water conserva¬ 
tion, (2) Ecological effects of chemical con¬ 
trol (Pesticides) and the Ecological problems 
of introductions (plant and animal), 

4. International Commission on Natural 
Parks: Specialises in encouraging the estab- 
li.shmcnl of National Parks. 

5. Commission on Legislation; Provides 
information on legislation or legulations 
concerning conservation of nature and natural 
resources to governments, parliaments, and 
their members and national and inter¬ 
national organizations. It also advises 
governments parliaments, and other autho¬ 
rities on proposed legislation or regulation. 

Commission on Landscape Planning 

Concerned with the relations of man and 
his environment Since man's present 
well being, and indeed his future survival, 
depends upon how well he uses and manages 
the earth’s natural resources, planning for 
land use assumes a position of uigent and 
vital importance. 

lUCN Meetings 

The Union convenes a General Assembly 
every third year in order to act upon issues 
of current importance and to serve as a 
forum for discussion of conservation 
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problems. Previously the meetings have 
been held in Fontaineblue (France), Brussels 
(Belgium), Caracas (Venezuela), Copen¬ 
hagen (Denmark), Edinburgh, (Scotland), 
Athens (Greece), Warsaw (Poland), Nairobi 
(Kenya), and Lucerne (Switzerland). The 
Tenth General Assembly was held in New 
Delhi from Nov. 20—Dec. 1 1969. It was 
inaugurated by the Prime Minister Srimati 
Indira Gandhi. Regional meeting to focus 
international attention on. conservation prob¬ 
lems shared by more than one nation are 
convened periodically. 

Publications; Proceedings of general 


assemblies and reports of conferences and 
technical meetings are published. A number 
of special publications are also issued. It 
publishes a quarterly Bulletin on current 
conseivation topics of international interest. 
An Annual Report is also published. 

There are 36 governments who are mem¬ 
bers of lUCN India joined this band and 
became a government member. Besides 
these, there are 200 organizations from af 
over the countries who are members. 

S Doraisv/ami 
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S. Doraiswami 
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V.M. Galiishiu 
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T he problem of introducing the concept 
of Nature conservation in the school 
curriculum, covering the entire field of 
biology can be considcied by no means 
simple. The problem acquires deeper 
significance, when it is to be dispensed to 
children of the primary middle and high 
schools (secondary schools). 

The bulk of the population in India is in 
the villages and their main occupation is 
agriculture, The raising of the crops is still 
done accordingto age-old traditional manner. 
But with the extension of the impact of 
agricultural research, the farmers are slowly 
getting enlightened and they are adopting 
modern methods of cultivation. Still in 

Paper read before the 10th General Assembly of the 
International Union of Conservation of Nature and 
Natural Resources, held in New Delhi on Nov 28, 
1969. 


many respects the piactices are tradition- 
bound. Many of the ruial folk are not 
even aware of the impact of human society 
tm the halancc in Natuie. One cannot 
explain the thoughtless destruction of 
plants and animals, the removal of 
giccn cover from areas, the cutting away of 
barks from avenue trees and the binning of 
cowdung as fuel, which could otherwise 
be used as manure to enrich the soil. The 
rapid and allied developments that have 
taken place in India since the days of inde¬ 
pendence and tlie rapid rale of urbanization 
of rural areas have all led to the decrease in 
the numher of many flourishing species of 
flora and fauna. Many projects undertaken 
by man have pushed away further the natural 
jungle bariicrs. The uncertain monsoons 
and the need to divert all available resouices 
of water to food production has made in- 
loads into what was once a luxurious natural 
hiome in many parts of India. In such a 
context, it is not surprising that many of 
the Indian children are not even aware to¬ 
day of the vast potential both of animals 
and plants in our country. The gradual 
disappearance of animals which were once 
well known in this country, like the cheetah, 
the black buck, the rhinoceros, the tiger 
and even the lion is an eye-opener. Inten¬ 
sive measures undertaken by various agen¬ 
cies to promote an increase in the vegetative 
cover of the land and conservation of wild 
life have had very little impact on the minds 
of the younger children, except as slogan 
catching weeks celebrated once every year. 

Man is specially responsible to develop 
methods and techniques to use the resources 
of nature. Conservation education to be 
effective must be given to members of the 
population and it is best begun when they 
are young, and in schools. This paper des¬ 
cribes how this problem has been tackled 
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by the Department of Science Education 
in the National Council of Educational 
Research and Training, which has been 
entrusted with the task of pieparation and 
implementation of new syllabuses and other 
materials. This has been achieved to some 
extent by laying enougli emphasis on con¬ 
servation education in the science syllabuses, 
particularly in biology. Two sets of curri¬ 
cular materials have been prepared ,one by 
the biology group in the Department of 
Science Education, from class I to class XI 
and the other by the Biology Study Groups 
set up by the ncert consisting of professors 
and others at university centres. In the 
following pages an attempt will he made to 
show how this problem has been tackled by 
these groups. 

Conservation Education in School Syllabus 

In the majority of Slates m India, the 
existing General Science syllabuses for the 
middle schools and the biology syllabuses 
for higher secondary schools contain some 
elements and topics regarding conservation 
of plants, animals and soil; and the preven¬ 
tion of air and water pollution. 

Conservation Education in New School Sylla¬ 
bus prepared by the Department of Science 
Education 

It was felt that a better impact of the 
need to conserve natural resources could 
he emphasized on the minds of the school 
cliildren by placing a greater emphasis on 
the abounding natural resources available 
m the country and how these resources are 
gradually diminishing due to intervention 
by man In following these topics the cluld 
learns to love and respect the things that 
surround him. 

The syllabus for the school has been 
prepared for three levels; for primary, 
schools (classes 1-5, 5+ to 10+ age group) 


the middle schools (classes 6-8, 10+-13+)and 
the high (secondary) schools (classes 9-11, 
13 >■-16+). Topics concerning conserva¬ 
tion of plants, animals, soil, air and water 
are included as also a special section com¬ 
pletely devoted to conservation of nature 
An environmental approach runs through 
the entire biology course for the middle 
school and special chapters on ecology for 
the high school. These give the students a 
basic knowledge of the close interrelation¬ 
ships and interdependence in nature. 

Primary School 

The biology sections of the general science 
course for primary school contain elements 
of conservation of water, atmospheric air 
and soil, and some facts about plants and 
animals in the environment. When dealing 
with “Rocks, soils and minerals”, concepts 
about erosion and man’s attempts to control 
their action are included. The pupils are 
made aware of the diversity of plants and 
animals and tlieir adaptations to environ¬ 
ment and to each other The importance 
of plants and animals is also stressed. 

Middle School 

The textbooks, teachers’ guides and 
other materials prepared for the tliree years 
deal mainly with a systematic study of plants 
animals and man. These books contain some 
concepts and topics regarding conservation. 
Each chapter of the biology syllabus 
for classes 6 and 7 gives some materials 
about conservation of plants and animals. 
For instance, in the botany course (class 6), 
the chapters “Plants and their environment” 
provide pupils definite ideas of the rational 
and careful use of plants. In the Zoology 
course (class 7) the chapter on ‘Arthropoda’, 
‘Fishes’, ‘Birds’, and ‘Mammals’ include 
special topics concerning natural and eco¬ 
nomic sigmficance of these groups and 
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the c<irc of useful species. Iu the lust chap¬ 
ter in Zuulugy cour.se ii special .stress is laid 
on the iiUcrrelatmnship of the Using and 
non-living things m nature and on the dynamic 
equilibrium in natuie On this base, pupils 
would understand the ncecssily for con¬ 
servation of naluie as a careful treatment of 
natural resources. The material for this 
is mostly provided in the teachers’ guide, 
particularly m the concluding chapter of 
the /oology cour.se 

In class 8, the biology course concludes 
with an important section on “Man and 
his Knvironment’' This is a summary of the 
entire biology course from the ecological 
angle, and also serves to biidge the middle 
.school biology with the high .school biology. 
The lust part of this section is “Man and 
conservation of Nature." 

Thus, a conservation education iiins 
through, the entire .syllabus and also forms 
a part of the final section of the biology 
course of the middle school. A pupil, 
at the end of the 8th class--many of 
whom go to agriculture, industry, forestry, 
commerce etc, gets the mam ideas about 
the careful treatment of nature, He can, 
and we hope he will use this knowledge in 
his everyday work and life. 

High Schools (Secondary School) 

The course of biology at the high school 
includes topics on dilTerent levels of biological 
organisations like: 

1. Molecules and cells 

2. Organisms 

3. Populations and natural communities. 

Part V of this course is entirely devoted to 
Ecology (85 periods) The chapter on 
“Natural Communities” (56 periods) in the 
first year of high school consists of 
four sections, (1) Populations (12 periods); 
(2) Ecosystems (16 periods); (3) Bio- 


.sphere (12 periods), and (4). Conservation 
of Nature (16 periods). The last section on 
comscrvation of nature deals with conserva¬ 
tion of plants and animals conservation of 
air, water resources and soils ft also in¬ 
cludes topics in analysis of the causes for 
disturbance of the noi'mal processes in the 
biosphere, con.scrvatioii of natural landscapes 
the history of the movement for conservation 
of nature the liuliiiu and international efforts 
in the field of conservation nature. Based, 
on the theory of the entity of the biosphere, 
this section “Conservation of Nature” con¬ 
tains an analysis of man’s interrelations 
with nature as well as a consideration on 
the ways of maintaming our environment 
in the days to come. The nornral balance 
in nature and consequently the guarantee 
that life will exist on the earth, depends not 
only on our undcrsLiiuding of this principle, 
but mostly on our energetic action towards 
conservation of nature 

Conservation Education in the School Curri¬ 
culum in India as spelt out by the Biology 
Study Groups of the ncert. 

The biology syllabus for classes 5-10 has 
been prepared by the Study Groups How 
the problems relating to “Conservation 
of Nature” were tackled in the school 
curriculum is described below 

Fmdiag the situation as described in the 
introduction of this article, the Biology Study 
Groups felt that a better impact of the need 
to conserve natural resources could be 
emphasised on the minds of the present 
generation. Therefore, in the cun'iculiun 
developed by the Study Groups, a greater 
emphasis is placed on the abounding natural 
resources available in the country, how 
these resources are gradually diminishing 
due to human intervention, and how even 
day-to-day needs like agriculture production 
are inter-connected to natural conservation. 
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In this scheme, an emphasis on an enquiry 
approach to the learning of biology, to ful¬ 
fil the two basic needs viz , of stimulating 
an interest in the minds of the young students 
and also arouse a sense of curiosity, has 
been given. This has the advantage of 
bringing about an impression on the 
availability of vast array of natural resources 
in the form of flora and fauna in our country. 
For instance, in Book I, a wide account of 
plants and animals has been provided, as 
also an account of how living things are dis¬ 
persed from one area to the other. In the 
chapters on “Finding about Plants and Ani¬ 
mals” (More than what is presently avail¬ 
able as facts) are provided, as background 
material to children, many salient features of 
the life, structure and physiological facts 
about animals and plants In Book It 
attempts have been made to indicate how 
vital processes take place in living things, 
and how animals and plants feed. In Book 
III, which has an emphasis on the human 
species, the relationship of microbes and 
man is dealt with extensively leading on to 
personal hygiene and the various aspects of 
agriculture in our country. 

It has been considered by this group 
that emphasis is best placed up to the age 
of the 12+ (for which books have now been 
produced for use in the Middle Schools in 
this countiy) on a vast array of facts of the 
availability of vast natural resources and the 
great limitations that are placed upon such 
resources, that are available to all of us in 
the country. With the enquiry approach 
being emphasized to teach biology, it is 
not too much to expect, that the young 
minds would ponder a little more and think 
clearly on what is available in the country 
now as natural resources of fauna and fl.ora 
and how best one can keep it intact 

Taking advantage of the basic structures 
so built up covering the children of age 


groups 10+ to 12+, a more detailed approach 
to conservation is attempted in Stage II of 
the curricular material now being prepared 
for children of age groups 13+ to I5+. In 
this stage, the emphasis is shifted from an 
indication of the vast area of resources, to a 
study of the detailed factois of the environ¬ 
ment and interactions to the various types 
of organisms Book IV in the Ilnd stage is 
developed progressively from a study of 
ecology of life in water through land, through 
forests, leading to and understanding of the 
web of life and natural cycle of materials, 
culniinatiiig in a chapter on conservation 
of biological and natural resources including 
wild life preservation. The whole series ends 
in Book VI where the last chapter entitled 
“Man and Nature” will help to focus 
attention on man’s fight against hunger, 
disease, death and other ethnological fact¬ 
ors. To reinforce these ventures the Study 
Groups have also invited contributed publica¬ 
tions (to be published as a series of ancillary 
background reading booklets), to serve as 
adjuncts to the Biology Texts and also for 
simple reading of many vital facts of bio¬ 
logy by men at large. Of the 19 titles projec¬ 
ted, 8 cover one aspect or the other of our 
natural resources of plants and animals, 
as also the predators that diminish our 
resources. The contributors to the back¬ 
ground series are distinguished men of 
science in this country in their respective 
fields 

In contrast to the traditional pattern of 
presenting a set of facts as obiter-dicia on 
conservation of natural resources and wild 
life preservation etc. (which will have 
no meaning if it is conveyed essentially by a 
textual process), a study of ecology vis-a¬ 
vis organisms as a whole and as groups in 
relation to the different environments in 
this country, would better highlight, both 
the potentialities of natural resources that 
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exist and enable amsluictisc thinking to 
follow. With this in view the need to con¬ 
serve resources as are Mill left with us, in 
.spite of luunan duprctliUion and eiicroach- 
nicnt on tlto natural environment has been 
emphasised. It should, however, be men¬ 
tioned that one of tlie basic aims of the 
counse would be to develop an influence on 
the mind of the young child to indicate the 
social implications of budogy in relation to 
every day human needs and the present 
nature of human activities on the life of 
other organisnvs and, how far, a .study of 
physiological ecology could bring about a 
better balance in nature than vvliat exists at 
present. 

More than attempting to reveal an answer 
to nvany of the unknown facts of biology, 
the curriculum developed by the Study 
Groups could foster, cveu as it is, ait uudci- 
standing of tlic interactions between nature 
and living bcing,s and inculcate in the younger 
generation the need aitd the urgency to 
face the inevitable oltoicc in eon,serving the 
fast diminishing natural resources, if the 
balance of nature is not to be seriously upset; 
and the environment be kept in a slate of 
balance (both in the physiological and ecolo¬ 
gical aspects) based on the need for conser¬ 
vation of the natural resources and the con¬ 
sequent well-being of the ever increasing 
human species. 

Practical Implementation of conservation 
Education in India. 

As was mentioned earlier, Conservation 
Education is taking root in Indian schools. 
New textbooks and teachers’ guides have been 
published by the ncbrt, and with the 
assistance from xjnesco expeits. The books 
for the middle school classes are ready and 
they are being used in about 500 schools in 
Delhi, and 120 Central Schools all over the 
country. Besides these, some states like 


Andhra Piadesli, Gujarat, Kerala, Mysore, 
Maiiipiii and Madras have shown interest 
and have adopted or adapted these materials 
for experimental teaching. Work is now in 
progress on the textbooks and teachers’ 
guides for tlic high .schools. The Study Groups 
have also completed work on middle school 
nuitci ials w Iiich have been published and they 
arc now winking in high school materials 
All thc.se ellorts give us hope that conser¬ 
vation education in Indian schools will be 
practised on a wider scale. If this process 
proceeds with faster speed the majority of 
children in India will have an opportunity 
to be acquainted with ideas and practice of 
conservation of Nalmc. The new genera¬ 
tion, in about 10-20 years will be able to 
prevent the destruction of Nature. 

Summary 

It is quite obvious that conservation educa¬ 
tion to be elfcctive must be given to 
school children The National Council of 
Educational Research and Training has 
achieved this objective by laying emphasis on 
conservation of natural resources at several 
places ill the biology syllabus for classes I 
through X/Xr. 

Theic have been two variant of the syllabus 
in middle school, but in both as well as in 
the syllabus for pi unary and high schools, 
special efforts have been made to include 
topics concerned with conservation of plants, 
animals, soil, air and water. An environmental 
approach runs through the entire biology 
course for the middle school and there are 
special cliapteis on ecology for the high 
school. 

The middle school syllabus concludes with 
an important section on “Man and his en¬ 
vironment” which IS smnmarised ecological 
perspective of the entire biology course. 

The high school biology course comprises 
such important chapters as “populations”, 
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“Ecosystems”, “Biosphere” and “Conserva¬ 
tion of Nature”. These themes contain an 
analysis of man’s interrelations with nature 
as well as a consideration of the ways of 
maintaining our environment in future. The 
normal balance in nature and consequently 
the guarantee that life will exist on the earth 
depends not only on our understanding of 
the principle but mostly on our energetic 
action towards conservation of nature. 

In the other variant syllabus prepared by 
the Study Groups for classes 5 through 10, 
the syllabus lays emphasis on the vast array 
of facts about the available resources and 
students are made to think through the en¬ 
quiry approach how best to keep these intact. 


In the high school the emphasis is shifted to 
the various types of organisms. Pupils are 
led to an understanding of the web of life, 
the natural cycle of materials, culminating in 
the topic of conservation of biological and 
natural resources including wild life preser¬ 
vation. The Study Groups have also planned 
a series of background books to support the 
textbooks. 

One of the basic aims of the course has 
been to develop an influence on the mind of 
the school children to indicate the social 
implications of biology and to emphasize the 
imperative need to study the physiological 
ecology in order to bung about a better 
balance in nature than what exists at present. 
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T he first regional committee of the Com¬ 
mission on Education was established 
nearly ten years ago and covers 10 countries 
in North-West Europe, namely, Belgium, 
Denmark, Fcdcial Republic of Germany, 
Finland, Great Britain, Iceland, Ireland, Ne¬ 
therlands, Norway and Sweden. One of its 
tasks is examining the significance of en¬ 
vironmental education in furthering greater 
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understanding of the countryside by adults 
and young people in this part of Europe, 
.Seseial of U\ese countries have environ¬ 
mental and ctlucational problems which are 
similar, bid wide divcr.sily i.s also encoimtered; 
.some, .such as the .Scandinavuiii stales, have 
relatively small populationsandenvironments 
tliat are predominantly semi-natural whilst 
othci.s, siieli as Germany, Great Britain or 
llte Netherlands arc densely populated and 
itKhistri.ili,sed and with only small areas of 
landscape lluU have not been greatly modified 
from tlicir natural condition 

Chmtcmporary Rural Problems 

The pioblems facing rural communities can 
best be understood if viewed against ahiston- 
cal backgioiind of social and environmental 
changes tliat have occtined ovei many 
centuries, but particularly since the Industrial 
Revolution of the eighteenth and nmeleenth 
oeiuuiies. la the lowlands of western and 
noilhcrn liuropc, llie evolution of the land¬ 
scape has, in tlie simplest of terms, taken the 
course of forest denudation leading to a 
pastoral and cultivated landscape, inters- 
pci.sed with human settlements and diminish¬ 
ing remnants of naturalfoiest (Darby, 1956), 
Before the advent of the urban-industrial 
environment, much of the European conti¬ 
nent was a mosaic of natural features and 
environments not violently modified from 
their natural condition, supporting a self- 
sustaining agrarian economy based on the 
utilization of natural resources by small local 
communities There were enough remnants of 
prehistoric landscape to enable native animals 
and plants to survive in fail abundance. 
Human beings were still closely governed by 
natural forces and obliged to recognise and 
respect the limitations these placed upon 
them The industrial revolution and the 
growth of large urban centres (especially in 
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the lowlands of nortliern Europe) were the 
most violent and far-reaching impact the 
landscape lias ever suffered from manlcind. 
The urban-mdustria] impacts were threefold. 

First, they changed the basis of the rural 
economy over wide areas; agrarian s’ettlemcnts 
could no longer survive as self-sustaining 
communities but became obliged to provide 
the food and to exploit other natural re¬ 
sources, such as timber, for the urban popu¬ 
lations. The agricultural improvements 
sometimes called the agricultural revolution 
of the eighteenth and nineteenth centuries 
were a diiect result of pressures from the 
urban areas for food, timber and other pro¬ 
ducts of the land Even m the Scandinavian 
peninsula, where urban-industrial growth 
occuned only on a small scale in comparison 
with, say, Germany and Great Britain, heavy 
demands on timber for export and charcoal 
for local industries, such as smelting of 
iron ore, resulted in exploitation of natural 
forests In the lowlands further south Den¬ 
mark, Netherlands and parts of Germany, 
Britain and Belguim, forest was usually re¬ 
placed by fields used for diversified, rota¬ 
tional agricultuie Large stretches of marsh¬ 
land and peat bog also disappeared when 
drainage became possible with the spectacular 
advance in mechanisation. In the Nether¬ 
lands, civil engineering not only transformed 
the landscape but created entiiely new lands 
from the sea. 

Secondly, there were population increases 
due to socio-economic factors, and parti¬ 
cularly as a lesult of progress in medicine 
leading to prolongation of the life span and 
decrease of infant mortality These intensi¬ 
fied the demand for food and living space 

Thirdly, industnalisatton led to massive 
exploitation of natural resources and to 
physical damange to the landscape, either 
through operations such as coal-mining and 
quarrying or by pollution of land, water 


and air arising from the need to dispose of 
the solid, liquid and gaseous waste products 
of industry. 

Sod erosion, as a consequence of these 
impacts and of over-grazing and other 
practices has accelerated rapidly during 
the last two centuries. Regulation of 
water couises and creation of reservoirs to 
provide water supplies and to generate elec¬ 
tricity have caused radical changes to the 
physical (including hydrogogical) and 
biological features of the landscape Some 
streams and waterfalls have disappeaied 
the character of water calclunent areas has 
changed. 

The process which began in the eighteenth 
century is still acceleiating and urban-in¬ 
dustrial developments nowadays have an 
overwhelming influence on much of the 
European environment even m very remote 
rural areas, Urban populations are growing, 
while those of the rural areas are in many 
places decreasing For example, at the end 
of the seventeenth century, 95% of the people 
of Britain lived in rural areas and were en¬ 
gaged in agrarian work Today, 95% of the 
British live in towns and cities, only the re¬ 
maining 5% are concerned directly with 
producing food and they, in spite of being 
sided by exceptionally advanced agricultural 
techniques, are able to produce only half 
the country’s total requirements (Stamp, 
1955). Similar changes in the social pattern 
have occurred in the other countries also. 
The growth of population and raised standards 
of living, both of which have become parti¬ 
cularly pronounced m the last quarter of a 
century, are creating unprecedented demands 
for space. Agricultural land has to be 
covered with houses and factories and the 
value for recreation of the less productive 
areas is rising annually, with the result that 
more and more of what remains of natural or 
semi-natural areas is being utilised in one 
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way nr another. More prosperity means 
more leisure, ;iml leisure is eli'sely linked to 
ohtaining more fdeililies lor trasellmg. usually 
by car. 1 or \arimis reasons, it isllieinme 
aUrnctisc, uncullivalcd places winch draw 
mainrily of people, and rural areas largely 
ignored in tlie past are now penetrated by 
the public, 'fhe growing numlier of auto¬ 
mobiles requite new highways and existing 
ones are al.so having to he improved. 

I iirthcrmorc. people from the urban cciilres 
are travelling much longer ctistanees foi 
reel cation and tourism, rcacliing as far as 
noithcni .Scandinavia aiullheMedHerraneaii. 
liven on day visits, national fronticr.s are 
often crossed. 

The demand for land and water, especially 
mouutaiii.s, lakes and coastal aieas, foi 
recreation cffucLs each of the countries, but 
means of providing ihi.s need, as well as the 
prc.ssure of urban and industrial develop¬ 
ment, agriculture, forestry and other tradi¬ 
tional land uses, vary considerably. I'urthcr- 
morc, rapid changes are taking place in the 
status of agriculture. Multi-purpose use is 
becoming widely accepted as a basis for land 
utilization policies. In Sweden, the area of 
agriculture land is being reduced by exten¬ 
sion of forests which are developed also for 
outdoor recreation. Tii Britain, marginal 
agricultural land in the uplands rs often 
afforested, and new measures are being 
adopted, such as by Rural Development 
Boards, for a more integrated approach to 
land use, including provision for landscape 
conservation and recreation as well as for 
agriculture and forestry, while in the lowlands 
intensive and highly eiheient agriculture still 
dominates. In the uplands of the Federal 
Republic of Germany and Belgium, similar 
opportunities exist for creating new patterns 
for the development of the countryside. 
Iceland, Norway, Finland and northern 
Sweden are still predominantly forest, peat 


bogs, lakes and tundia, where utilisation of 
natural resoiiices in terms other than kilos 
or caliuics is a ma|or challenge. They are 
the major “natural amas’’ in northern Europe, 
.still with enormous potential for tourism 
aiul reel cation. 

Quite apait from the cITccls of the leisure 
-seeking public, other major changes have been 
brought about by urban and industrial deve¬ 
lopment. Folhilion is still a prominent 
problem. Allhoiigli remarkable progress 
has been made to devise techniques to nuiii- 
mi.se its clVccts, many rivers are virtually 
devokl of life, fertile fields havebeen converted 
into deserts by toxic industrial wastes, and 
hindsctipe and people tilTectcd by air pollution. 
In the larger industrial countries pollution is 
a long-standing problem; but it is increasing 
alarmingly m areas previou-sly little affected, 
.such as l he far north b’or example, m Sweden 
and Finland there lias recently been severe 
public reaction to merciu'y pollution from 
tiinbci induslries which has had very 
vi.siblc cirects in water courses in these 
countries wiili a strong angling tradition. 
Follution from industry, sewage and oil 
spillages are also seriously affecting the marine 
environment, particularly the Baltic and the 
North Sea. The wreck of the giant oil tanker, 
“Torrey Canyon”, off the south coast of 
England, has highlighted the disastrous con¬ 
sequences of marine pollution. 

Even in those rural areas, where industry 
has no direct physical effects, the progress 
made in the use by farmers of chemicals as 
fertilisers and pesticides has brought about 
irrcvcisiblo changes in the enviroiunent. 
Water course and lakes have been enriched 
with highly soluble chemicals in fertilisers, 
changing probably for ever, tbeir chemical 
and biological composition. Wildlife popu¬ 
lations in some places have been modified 
radically by the selective effects of pesticides 
which have penetrated their ecological 
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system. Modem forestry is often mono- 
cultural, plantations of exotic trees unifoimly 
covering large areas which were previously 
clothed with vaiicd woodland rich in native 
species. 

Challenge to Educationalists 

These patterns of change in the human 
environment and the undci lying sociological 
economic, physical and biological factors 
have been the subject of much study during 
this century, and techniques for impioving the 
management of natural resources developed 
for a wide range of circumstances, especially 
in Europe and North America However, 
there is still widespread dissatisfaction among 
natural resources experts (and, increasingly, 
the public at large) with tbc extent of environ¬ 
mental mismanagement which is leflecling 
the fact that the knowledge available is not, 
in many circumstances, being applied to the 
solution of the problems The reasons for this 
are manifold, and familiar probably through¬ 
out the woild. In some instances, they ate 
of a financial nature; m others, they arc 
political or administrative. But it is fairly 
obvious that the basic problem is insufhcient 
public awareness of the relationships between 
man and environment, arising from inade¬ 
quacies m education systems Misuse of natu¬ 
ral resources occurs largely because people 
have been inadequately educated to realise the 
need for environmental care, Communities 
have been uncaring and unprepared to demand 
high standards of environment. Their 
leaders have been unable, or unwilling to 
recognise the problems; or they have been 
ill equipped to secure expert advice towards 
finding the solutions. Nevertheless, some 
communities have demanded high standards 
and assistance from trai ned environmentalists. 
Thus, there arc examples of achievement to 
provide a basis for the extension of sound 
practices on a wider scale. 


ft is hardly necessary to stress the im- 
porlance of environmental education as a 
key to open the door to an understanding of 
the political, economic and technological 
power which the highly developed nations 
of Europe can wield, to their benefit or other¬ 
wise, in the process of wresting their basic 
needs from diminishing natural resources. 
Such education should go further than to 
create an awareness, or even an understand¬ 
ing of man’s relationship to his environ¬ 
ment. It should indicate how to conserve 
natural resources, remembering that conser¬ 
vation involves matching the use of such 
resouices to the changing demands of human 
populations. In other words, the concept of 
the use and care of the environment should 
become an integral part of modern culture. 
This is brought out very effectively in the 
Council of Europe’s recent report on “Re¬ 
gional Planning, a European Problem” 
(Council of Europe, 1968). 

Those concerned about the conservation 
of natuial resources believe that relevant 
educational progress has been insufficiently 
rapid. Until recently, there has been in¬ 
adequate communication between environ¬ 
mentalists and educationalists, and few efforts 
have been made to define the need in precise 
educational terms and to relate educational 
terms and to relate educational objectives to 
environmental matters. In the decade, en¬ 
couraging progress has been made in diagnos¬ 
ing the elements in education programmes 
that are relevant to the environment and in 
analysing the principal features of this en¬ 
vironmental education and its function in a 
modern society. Inquiries and discussions 
by interdisciplinary groups such as by the 
British Study on Education and Field Biology 
(1963) and the lUCN’s North-West Europe 
Committee (Pritchard, 1968, unpublished) 
have helped to clarify the needs m practical 
terms. The phrase ‘environmental education’ 
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IS nnw finding .1 place in the cducniional voca¬ 
bulary. and some educalionalisK arc re¬ 
cognising its fundamciKal precepts and con- 
seeiiicntly llicit cognate responsibililics. 

The iinpetu.s lor envimnnienial education 
springs fioin a recognition of two important 
issues l ust, young people seems to have 
a latent interest tn their environment, and 
especially in its natural features, which, if 
cultivated, can develop into an understand¬ 
ing of natural phenomena and an appre¬ 
ciation of cultural and aesthetic values which 
will bring personal enjoyment and satesfac- 
tionin latei life. Secondly, since liurnan beings 
inevitably exploit natutal resources, they 
require an undcr.standing of the means of 
doing so without unneeessaiy wastage; con¬ 
servation, although in practice ciUailmg 
technical and scientilie discipliitc.s; is cs.sontial- 
ly a wise attitude towaids the use of the 
human eavironmcnl Those guided towuids 
such an attitude can be expected, individually 
and collectively, to have more concern 
about the use of the resources of the earth to 
improve their living conditions in cultural 
and aesthetic, as well as material, terms. 

There is a danger in all developed countries 
that technological education to sustain and 
improve material standards of living will not 
be matched by sufficient preparation for the 
appreciation of cultural and aesthetic values. 
Vigorous technological advance in Europe, 
coupled with the slreainlinmg of marketing 
techniques for rapid consumption of mass- 
produced goods, is bringing about unpiccc- 
dented economic and social changes, and the 
majority of people seem likely to continue 
to have wealth and time to spare for leisure 
and recreation. Although training to pre¬ 
pare people for work must continue to be 
one objective in education, a second one, 
surely of equal importance, should be to 
prepare people to make creative and enjoy¬ 
able use of their leisure time. Much of this 


Icisiiic is mliicately lelatcd to piirsumg out¬ 
door aclivitie.s in the countryside. 

The relentless, and fomicrly unorganised 
and iiniilanncd, growth of industrialisation 
in Iniropc has created a most complicated 
urhan-basetl society, with an urban culture 
far removed m attitude and bchavioin front 
that of previous ccntuiies. Until recently, 
few people in towns and cities have had 
either the lime or the inclination to think 
about, let alone appieciale, the qualities 
of tlie human environment Thus the 
need to respect the ent'ironment has just 
begun to he accepted as a major factor 
m modern living. It may be supposed that 
this has been biought about by increased 
opportiiniLies for peojile to cxpeiience dilfe- 
lent and better environmental conditions than 
they had previously been accustomed to. 
The mass exodus of people from lownscapes 
of brick, concrete and tarmacadam into the 
countryside is giving birth to popular demands 
foi national paiks and conseivations of the 
countryside and its wild life Urban people 
arc showing concern about the management 
and development or rural areas for their own 
benefit as well as that of coiintiy dwellers. 
Thus, some of the traditional barriers between 
town and country aie breaking down. This 
will surely lead to greater interaction of urban 
and rural cultures, provided these trends are 
recognised in educational circles and allo¬ 
wance made for them in education prog¬ 
rammes. 

Regardless of the extent to which integration 
of these cultures will pioceed, some people 
will continue to hve and work in the country¬ 
side and the urban dwellers will continue to 
have their effects, directly and indirectly, on 
the life of rural communities and on the form 
of the landscape Educationally, there are 
some specific objectives to be met for the two 
groups, over and above the creation of en¬ 
vironmental awareness in society as a whole. 
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But these objectives involve emphasis rather 
than subject-matter and methods ol' teach¬ 
ing or other means of imparting knowledge 
Few educationalists would contemplate 
creating a shaip distinction between their 
basic educational objective in urban and 
rural areas. It is for this reason that, while 
this papei is specially concerned with the 
problems of rural areas, it would be unrealistic 
to concentrate exclusive in it on the education 
of people who live in the countryside 
Nevertheless, certain special points about 
the needs in the two communities can be 
distinguished and these are referied to 
below 

Educational Needs of Country Coninumities 

Education can extend the scope for a 
greater participation m countryside planning 
and development by the lural community as 
a whole, and encourage a deeper under¬ 
standing of the economic significance of 
conservation to the people who live and woik 
in the countryside. Protecting natural 
features and consciously developing an aesthe¬ 
tically acceptable countryside results in a 
higher monetary value on individual properties 
and in maintaining a flow of tourists and 
others from the towns who contribute to 
the rural recreation economy This is parti- 
ciialrly important in upland areas along the 
coast, and near to or in National Paiks, 
Where tourism and reel eation are contributing 
an ever growing income supplementing agri¬ 
culture and helping to arrest rural depopula¬ 
tion in many parts of Europe. 

Agricultural and silvicultural technology is 
changing repidly and influencing the en¬ 
vironment often ill obscure but far-reaching 
ways. For example, use of pesticides and 
chemical fertilizers calls for education and 
training of farmers and their staff to reduce 
accidental or ill-considered actions such as 
pollution of water courses and to indicate 


the reasons why special care should be exer¬ 
cised near to vulnerable areas of importance 
foi the conservation of wild life, such as 
nature reserves Then, the consequences of 
drastic reshaping of the landscape, such as 
by removal of hedgeiows, drainage of 
wetlands, afforestation without due regard 
to Visual amenity, and the design and 
siting of farm buildings, often needs more 
informed consideration by the farming 
community. 

Education of Urban Dwellers 

This IS a much more complex problem 
because urban dwelleis constitute a much 
larger, more varied part of the European 
population. They affect the countryside 
diiectly by their individual behaviour when 
they visit rural areas for recreation, and 
indirectly through the pressure which their 
political, legislative, industrial, technological 
and commercial activities bring to bear on 
natural resources. 

Regarding their recreational needs, much 
of the education and information required is 
provided by various ofhcial and voluntary 
bodies connected with conservation. There 
are nature trails, information leaflets, talks, 
films, television and radio programmes 
and other means of enabling young and 
old to appreciate landscape, farming, 
forestry, wild life and its conservation, and 
rural life generally There are also codes 
of behaviour, wardening schemes, byelaws, 
planning techniques and other means to 
develop patterns of human behaviour com' 
patible with countryside conservation. 

Incorporating knowledge about rural 
problems into the decision-taking processes 
of urban society is a much longer-term task 
and has to be undertaken largely in the 
educational institutions. Statesmen and 
civil servants, planners, landscape designers, 
technologists and scientists, and several 
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other professional e'onps need to be iitfornied 
of the changing problems and the impacts 
they are potentially able to have on them. 
(The stroke of a civil servant's pen, a decision 
in a boardroom, or a drawing on a desk, arc 
known to h.avc had desastating repercussions 
in places never seen, let alone iinderstooed, 
by the people concerned). This is rccognisd 
by leading educationalists as one of the vital 
functions of environmental education. In 
some cases, such education forms a part of 
the liberal studies of professional people; 
in others, such as for planners and landscape 
designers, it is becoming an integral com¬ 
ponent of their training, usually m the form 
of applied ecology. 

iSunimary 

Examining the significance of environ¬ 
mental education in furthering greater undei- 
standing of the countryside by adults and 
young people in North-West Europe is one of 
the tasks of the first regional committee of 
the Commission on Education established 
nearly ten years ago and covering 10 
countries in this part of Europe. 

The industrial revolution and the growth 
of large urban centres (especially In the low¬ 
lands of northern Europe) constituted the 
most violent and far-reaching impact man¬ 
kind has ever inflicted upon the landscape. 
They changed the basis of the rural economy 
over wide areas, population increased owing 
to socio-economic factors, industrialization 
led to massive exploitation of natural resour¬ 
ces and to physical damage to the landscape. 
The process which began in the eighteenth 
century is still accelerating and urban-indus¬ 
trial developments have an overwhelming 
influence on much of the European environ¬ 
ment even in very remote rural areas The 
leisure-seeking public penetrates attractive, 
uncultivated places and also rural areas 


largely ignored in the past. Quite apart 
from the effects of the leisure-seeking public, 
oilier major changes have been brought*^ 
about by urban and industrial development. 
Pollution is still a prominent problem. Even 
in those rural areas, where industry has no 
direct physical clfects, the progress made 
in the use by farmers of chemicals, fertilisers 
and pesticides has brought about irreversible 
changes in the environment. Modern fores¬ 
try IS often monociiltural. 

In spite of some profound study of these 
patterns of change in the human environ¬ 
ment during this century, there is still wide¬ 
spread dissatisfaction amongnaturalresources 
experts (and, increasingly, the public at 
large) with the extent of environmental mis¬ 
management which is reflecting the fact 
that the knowledge available is not, m many 
circumstances, being applied to the solution 
of the problems. Apart from the financial, 
political or administrative causes of this 
stale of affairs it is fairly obvious that the 
basic problem is insLidicient public awareness 
of the relationships between man and his 
environment, arising from inadequancies in 
education systems. 

It is hardly necessary to stress the impor¬ 
tance of environmental education as a key 
for opening the door to an understanding of 
the political, economic and technological 
power which the highly developed nations 
of Europe can wield, to their benefit or 
otherwise, in the process of wresting their 
basic needs from diminishing natural resour¬ 
ces. Such education should go further 
than to create an awareness, or even an 
understanding, of man’s relationship to his 
environment. It should indicate how to 
conserve natural resources, remembering 
that conservation involves matching the 
use of such resources to the changing demands 
of human populations. In other words, 
the concept of the use and care of the environ- 



raeiit should become an integial 
modern culture. 

Hitherto, educational progress has been 
insufficiently rapid, fn the last decade 
howevei, there ha.s been an encouraging 
leap forward and the phrase “environment'll 
education” is now finding a place m the 
educational vocabulary, and .some educ-i 
tionalists aie recognizing the fundamental 
percepts and consequently their cognate 
responsibilities. Young people .seem to 
have a latent interest in their environment 
which if cultivated, can develop into -in 
appreciation of cultural and aesthetic values 
Since human beings inevitably exploit natiiril 
resources, they require an understanding 
ofthemeansofdoingso without unnecc.ssarv 
wastage. Conservation, although in pme- 
tioe entailing technical and scientific disci¬ 
plines, IS essentially a wise attitude towards 
the use of the human environment. 

With the huge urban development, the 
need to respect the environment in Eurone 
has just begun to be accepted as a mafor 
actor m modern living. Some of the tradi¬ 
tional burners between town and countiv 

are breaking down. This will surely lead 
to greater interaction of urban and rund 

tei? would con¬ 

template creating a sharp distinction bet¬ 
ween their basic educational obfective in 
urban and rural areas. 

co^trmunities, education 
an extend the scope for greater particina- 
1 1 in countryside planning and cicvelon 
by the rural community as!a whole -Z; 
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W E are living in the midst of a rapidly 
increasing scientific and technological 
revolution. Everyday we hear of the 
completion of construction of new blast 
furnaces, chemical factories, power st£Uion.s, 
the development of new powerful machines, 
etc. In this progress, chemistry plays aspccial 
role and chemical industry helps to meet 
the requirements of society ranging from 
common salt to synthetics, clolliing and man¬ 
made food. 

Though the scientific and technological 
progress of the industry of our century is 
becoming ever more rapid, the “food” for it 
still comes from the natural resources—• 
above all water, the resources of the earth 
and all that, can grow and develop on our 
planet. Inspite of the fact that the water 
resources on earth are limitless, the human 
community is already experiencing and will 
increasingly be experiencing a shortage of 
fresh water, 

The clear air our ancestors breathed is 
at present polluted in big cities and industrial 
centres. Water, air and soil are essential 
necessities for everything that grows and 

Paper read at the Working Meeting of the Education 
Commission of lUCN, held at Dehra Dun on 
Nov 21, 1969. 


lives on the earth. However, the rapidly 
developing chemical industry and related 
mdustries along with the benefits they are 
incrcuMiigly giving to mankind also produce 
waste whicli pollutes the air, water and soil. 
A particularly dangerous threat to living 
nature is the development of atomic power 
generation and the development of the in- 
du.strial production of modern polymeric 
matcrial,s. 


The atinosphcie of the larger cities such 
us New Yoi'k, London, Laris, Moscow, 
etc., IS being polluted by the discharged 
gases of the motor cars and the “fumes” of 
the industrial enterprises. Thus, in New York 
upLo 3,200 tons of oxides of sulphur (which 
in terms of sulphuric acid equals to 5,000 
tons), 230 toihs of dust and 4,200 tons of 
various gases are discharged into the atmos¬ 
phere daily. In Los Angeles the atmos¬ 
phere of the city streets becomes polluted by 
12,000 tons of chemical wastes, mainly oxides 
of nitrogen and carbon mono—and dioxide. 
The acceptable concentration of carbon 
monoxide is 4-5 mg/'m“ whereas in many big 
industrial centres and cities it reaches 200-800 
mg/m—thus exceeding by tens of times the 
acceptable norms. 

While such gases as carbon monoxide, 
sulphur dioxides, oxide of nitrogen and 
hydrogen sulphide affect man and animals 
immediately as poisonous substances, the 
dust in the air pollutes it and at the same 
time carries various micro-organisms causing 
severe disease.s in man and animals. 

The greate.st damage in recent years has 
been caused to the water reservoirs of the 


earth and above all to the rivers and lakes. 
Recent news about a large scale poisoning of 
fish in the River Rhine and the death of 
birds on the English Coast has caused grave 
alarm for all the people on the earth. 

Everyday, rivers are polluted with the 
products of the petroleum industry and 
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crude oil during Iransporl. Tire so-called, 
water wastes from various industrial enter¬ 
prises discharged into watei reservoirs escape 
calculation. Sulhcc it to point out that only 
two soda producing factorie.s of medium 
capacity discharge easily upto 3 million 
tons of wastes containing common salts, 
ammonium chloride, carbonic acid and other 
substances in solid state Upto 10,000 tons 
of water is needed to rinse only one ther¬ 
mal power station. This water is then 
discharged polluted with organic and 
inorganic acids and. oxides of iron, calcium 
and other metals. 

Enormous stream of water wastes not 
only pollute water and make it useless for 
the living organisms but they also spoil the 
soil changing the pH of the soil solutions. 

The sediments of the water wastes also 
serve as good food for micro-organisms and 
viruses. 

The rapid development of the polymer 
mateiials industry is inevitably connected 
with the so-called discharge gases, one of 
which IS hydrogen chloride. Rough esti¬ 
mates show that in the USSR alone the 
plants producing industrial polymers dis¬ 
charge, in terms of hydro-chloric acid, upto 
8.5 million tons of hydrogen chloride while 
the maximum amount of hydrochloric acid 
necessary for the economy of that country 
is not more than 0.5 million tons. Millions 
of tons of hydrochloric acid have to be 
“discharged” But the question is where? 

Pink orange clouds of “smoke” are dis¬ 
charged by the plants producing nitric acid, 
the amount of which is ever increasing. 
These beautifully coloured wastes containing 
oxides of nitrogen poison the air and water 
and kill plants and animals. 

It IS diificult to realize the scope of the 
disaster mankind is facing due to the 
development of atomic power genera¬ 
tion. Suffice It to say that according to 


.scientists ‘and engineers’ forecast, an atomic 
powei station with the capacity of 10 million 
kilowatts will bo commissioned daily starting 
from the year 2000. 

The problems of the disposal of the radio¬ 
active wastes of the atomic energy plants is 
yet far from being solved. The gases in the 
air, the pollution of the water, the salination 
of the soil and the changing pH of the soil 
solution not only poison and spoil nature 
but also drastically disturb the equilibrium 
in nature. 

The human community is under tjie 
threat of a catastrophic destruction of nature 
One would think that under such circum¬ 
stances literally every human being on our 
planet should, realize the scope of the impen¬ 
ding disaster and begin to realize it while 
Still a child and be aware of at least the most 
elementary measures aimed at the conserva¬ 
tion of nature. However, to our greatest 
regret and disappointment, school textbooks 
of chemistry and physics provide the children 
with no information on this question. And 
this IS so when almost any topic of the 
chemistry course starting from the middle 
school level provides material connected 
with the conservation of nature. Take, for 
example, such topics in the middle syllabtls 
as burning of oxygen, water, carbon dioxi4e, 
preparation of sulphuric and hydrochlo'flc 
acids and their salts. 

At the level of the high school such topics 
would be: nitric and phosphoric acids, al¬ 
kalies, blast furpace, production of metal, 
preparation of soda, polymers electrolysis 
and others. In other words while studying 
chemistry, it is necessary to know, ajong- 
with the benefits that chemistry, gives, the 
destructive effects on nature -caused by 
chemistry and chemical jndustry. ‘ 

The question arises: Given. modertrin¬ 
dustry, is it at all posSibfe to breathe" cl^ji 
air, have clean water in' the water rbsetydirs 
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of the planet, avoid salinating the soil and 
disturbing natural equilibrium? The ques¬ 
tion should be answered categorically : yes, 
it is possible. 

Modern technology mahes it po.ssible to 
eliminate the harmful effects of the discharg¬ 
ed gases by means of the so-called, catalytic 
completion of their burning with subsequent 
absorption of carbon monoxide and other 
gases. Technologically it is also possible 
to catch the smoke being discharged by 
various furnances and at the same Lime to 
extract the valuable products contained in 
the fuel gases. 

Ion exchange installations can automati¬ 
cally clean the water wastes of any mdustnal 
enterprises. 

The problem of disposal of the products 
of atomic energy can be solved in principle 
by using outer space or one of the neighbour¬ 
ing planets, 

Rough estimates show that the expenses 
on the naeasures to be taken to conserve 
the air, water and soil and consequently 
plants and animals will be fully compensated 
by using the products obtained from the 
processed wastes. Thus, the fuel gases of 
many industrial enterprises contain valuable 
metals the extraction of which will make up 
for the expenses incurred to extract them. 
This, of course, is just an outline of the 
possible ways of the conservation of nature. 

All this information should be provided 
to the children of the school age in compre¬ 
hensible forms and in accordance with the 
level of their knowledge. The utmost neces¬ 
sity of this information for the rising genera¬ 
tion is obviously beyond any doubt. 

Along with this, it is necessary 
through UNESCO and National Organiza¬ 
tions to familiarize the population extensively 
with the impending threat of destruction of 
the natural wealth. This can be done 
through lectures, publication of popular 


science books, pamplilet.s and brochures. 
Evidcntally the time is ripe for serious scienti¬ 
fic research on the conservation of nature 
on this planet. The funds spent on one 
experimental explosion of an atomic bomb 
could cover one years's expenses of a research 
institute. 

The system of education at the school 
level is of great impoitance in the cause of 
propagating measures for the conservation 
of nature. “The time has come”, writes 
the French .Scientist, A, Ducrog, “to acquaint 
children as early as possible with the modern 
achievements of science. Science education 
is necessary for all people. As everybody 
needs the knowledge of traffic rules today, 
tomorrow they will have to know the speed 
of light, what the volt and watt are and 
what the distance from the earth to the 
Sun is. 

Similarly we could say that children 
must know not only the fundamentals of 
modern production but also their effect on 
the surrounding nature. All this is possible 
if the children study, beginning from the 
middle school, systematically, the science 
disciplines of chemistry, physics, biology and 
mathematics on a compulsory basis. 

"What is said above enables one to draw 
the following conclusions: 

(a) A systematic study, on a compulsory 
basis, of chemistry, physics and 
biology as individual science disci¬ 
plines for all children of the school 
age. 

(b) Inclusion in the syllabi and textbooks 
of the topics connected with the con¬ 
servation of nature as obligatory 
material. 

(c) "Wide propagation of the measures on 
the conservation of nature. 

(d) Organization of research on the 
development of methods of conserva¬ 
tion of nature. 
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With these objects in view the textbooks 
of biology, chemistry and physics, being 
developed under the UNESCO Secondary 
School Science Teaching Project in India, 
include information on the conservation of 
nature. I shall just mention a few instances 
from the course of chemistry. Thus while 
studying the chapter on water, consideration 
is given to the modern methods of inirifying 
water, both natural and water wastes of the 
chemical plants. In the topic “electrolitic 
dissociation” lonides and theii use for 
purification of water aie studied as well as 
extraction of metals from watei wastes. 
Considerable attention is given to various 
methods of catching dust. When the struc¬ 
ture of the atom is studied both in the course 
of chemistry and the course of physics, atten¬ 
tion is drawn to the role of the energy released 


in atomic fission and fusion and its effect 
on the living oiganisms. It should be noted 
that introducing in the textbooks of chemis¬ 
try, questions connected with the conserva¬ 
tion of nature is just the first attempt. Indus- 
tructionai materials should be further im¬ 
proved in that direction. 

The question of the conservation of 
nature has at present become the common 
not only of individual scientific organizations 
and institutions but the concern of the 
wide public beginning with education at the 
school level. 

The problem must be solved on a global 
scale. It is only through the combined efforts 
of the engineers, scientists and governments 
that the impending destruction of the 
natural wealth of our beautiful planet 
could be thwarted. 
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C 'lONSERVATION is the recognition by 
man of his interdependence with his 
environment and with life everywhere; and 
the development of a culture which main« 
tains that relationship through policies and 
practices necessary to secure the future of an 
environment fit for continued life and a 
sustained yield from natural resources. 

Environmental education is the process 
of creating an awareness and understanding 
of the biophysical environment, its necessity 
for man’s cultural, spiritual and material 
welfare and the need for its conservation 
and rational development, 

‘ Environmental studies include all studies 
related to the environment such as biology, 
geography, geology etc., and its emphasis 
IS on the unity and inter-relations of man, 
environment and resources. 

The need for environmental ediic ationis 
adequately expressed m aresolutionadopted 
by the United Nations General Assembly, 
3rd December 1968. Environmental educa¬ 
tion isjaecessaDf “because of the continuing 


and accelerating impainneiit of the quality 
of the human environment caused by air 
and water pollution, erosion and other forms 
of soil deterioration, waste, noise and secon¬ 
dary effects of biocides, accentuated by 
rapidly increasing population and accelera¬ 
ting urbanisation. Because of the conse¬ 
quent elTecls on the condition of man, his 
physical, mental and social well being, his 
dignity, and his enjoyment of basic human 
rights. Because increased attention to prob¬ 
lems of the human environment is essential 
for sound economic and social development. 
Because intensified action is needed to build, 
and where possible, to eliminate the impair¬ 
ment of the human environment. Because a 
frame work for comprehensive consideration 
of the problems of the human enviioii- 
ment is needed to focus the attention of 
governmenLs and public opinion on the 
importance and urgency of this question 
Because the risks inherent in the tincon- 
trolled application of modern technology 
are very real and very frightening; because 
there is an environment crisis.” 

This is now recognised by many educa¬ 
tionists, politicians and international agen¬ 
cies, such as United Nations, as a major 
world problem. Unesco have begun a large 
International ‘Man and Bisphere” pro¬ 
gramme and the United Nations is 
preparing for the 1972 conference on ‘Prob* 
leras of the Human Environment.’ 

Environmental education is increasingly 
becoming integrated into the formal educa¬ 
tion system especially in western Europe 
and the USA where conservation needs 
and problems are immediate. Most uni¬ 
versities and colleges in the USA, for instance, 
have graduate conservation and ecology 
programmes. In the U.K- there aie now 
nine university depaitments of Environ¬ 
mental Studies for undergraduates and 
environmental studies will be developed in 



conservation and environmental education 


275 


nearly every Primary school in the U.K in emphasis on interrelationships between living 
the near future. Laige numbers of colleges organisms and their environment and the 
already provide the necessary teacher need for rational use of the environment, 
training. Secondly environmental education involves 

At the school level environmental cduca- the use of the biophysical environment in the 
tion has two main aspects. Firstly environ- learning process, Some syllabi are based 
mental education involves subjects concerned almost entirely on outdoor studies, projects 
with the biophysical environment with an on a school forest plot or garden. 

BIBLIOGRAPHY ON CONSERVATION AND ENVIRONMENTAL EDUCATION 
India 

1, Acharku, K.S, Organisation of a ciirrtculum for Basic Primary Schools 

based on a Study of national environment tn Biiniyadi 
Talim, Qu. J. Basic Educ. April 1961. Vol. IV. No. 3 
2 Mukherjee, S.C. Elementary School Curriculum and Conservation; 

in Buniyadi Talim, Qu. J. of Basic Educ. Vol, VH 
No. 4, p. 138-140 

3. Raghavan, S. Forestry for Schools 

Extension Series No. 1 Forest Research Institute and 
Colleges, Dehra Dun. 

4. Srivastava, K.K. Vidya Bhawan Open An Session 

Studies in Education and Psychology. Pamphlet No. 
5-1953. Min. of Educ. Govt, of India, Bureau of Educ. 

5. Stracey, P.D, Wild Life in India 

Textbook on conservation for India. Min. of AgricuF 
ture publication. 

6. Subrahamayam, M.R. and Nature Study and School gardening for Elementary 

Menon, K. Unnikrishna schools. 

Madras. Supt. Gov. Press. 1925. 316 p. 

7. Proceedings and Papers of the 
lUCN Education Working 
Committee Meeting on 21-22 
Nov., 1969 at the Forest 
Research Institute and 
Colleges, Dehra Dun. 

Available from : 

Shri R.C. Kaushik 
President 

F.R.I, and colleges 
Dehra Dun 
India. 



276 


SClIOOl, SCltNCIC DLCEMDIR 1969 


K. Information also available from 

World Wild Life Fund, Indian National Appeal, 

C/o Bombay Natural History Society 
Hornbill House, 

Shahid Bhagat Singh Road, 

Bombay, 

International 

1. Unesco Study of Hnvironinenlatiou in Schooh' 

Comparative •world study. Unesco, International Bureau 
of Education, Geneva XXXTst Session of the Inter¬ 
national Coference on Public Education, 1968. 

2. Journal of Environniental Education 

International quarterly journal available from P.O. Box 1605, Madison, Wisconsin 
53701. 

3. lUCN Education Conuniasion 

Various pubheation.s of the lUCN Education Commission available foim Education 
Executive officer, lUCN ,1110 Merges, .Switzerland. 


WORKSHOP PRACTICE 

A Textbook for Technical Schools 

Part I Crown Quarto pp xii & 182, 1967 Ms. 7.15 

Pari II Crown Quarto pp viii & 324, 1968 Ps. 4.80 

An introductory book for students in the higher classes of Indian Secondary 
schools, who offer engineering as an elective subject and for students of 
specialized technical schools. The book will also be useful in the earlier 
stages of the plolytechnic diploma course. 

Copies available from 

The Business Manager, 

Publication Unit, 

National Council of Educational Research and Training, 

N.I.E. Campus, Sri Aurohindo Marg, 

New Delhi 16 



Science Nobel Laureates 

of 1969 

R.K, Datta 

Beth Israel Medical Centie, 
New York. 

H OW does a virus reproduce and what rs 
its genetic structure have been the subject 
of active research for last 30 years for Drs. 
Max Delbruck, Salvador Luria and Alfred 
Day Hershey. They have recently been 
chosen as the joint winners of 1969 Nobel 
Prize for Medicine of Physiology. How do 
compounds take on geometrical configura¬ 
tions in space and how these three-dimensional 
configurations determine the properties and 
the course of chemical reactions? The 
stereo chemistry of cyclohexanes, steroids 
and terpenses has been research of two 
chemists, one Norwegian and one British, 
Drs. O. Hassel and D.H.R. Barton who have 
been named as co-recepients of the 1969 
Nobel Prize for Chemistry. How does the 
interaction of subatomic particles produce 
energy has been the research of Dr. Murray 
Gell-Mann. He has been chosen to receive 
the 1969 Nobel Prize for Physics. 

Dr. Delbruck 

Dr. Delbruck, 63'year-old Professor of 
Biology at California Institute of Technology, 
Pasedena, discovered the reproductive pro¬ 
cess known as replication of a type of virus 
called bacteriophage, which infect bacteria. 
Upon infection of a bacterial cell by a bacteri¬ 


ophage, virus, the bacterial cell undergoes 
drastic metabolic changes, becoming a new 
entity. The new metabolic activities taken 
over and dictated by the invading viius, lead 
in minutes, to the formation of new genera¬ 
tions of virus particles. The replication 
mechanism first demonstrated by Dr. 
Delbruck with bacteriophage is now lecogni- 
zed as the replication pattern of all viruses. 
German-born Dr. Belbruck who started his 
career as a physicist and is also known for his 
earlier work on quantium theory of chemical 
bonds, moved into the field of virology in his 
mid 30’s and developed the plaque technique 
now in use for identification and purification 
of viruses He is also known for his work 
on mutation of drosophila and the nature of 
sensory transducers that cany impulses to 
the brain. Young Delbruck received his 
education in the University of Gottingen, 
getting his Ph.D. degree in Physics in 1930. 
He worked as a Rockefeller Foundation 
fellow in Physics in Copenhagen and Zurich. 
Upon migration to U.S.A. he resumed 
the same fellowhsip in Biology at California 
Institute of Technology (1937-40). Having 
served as an instructor of Physics at Vander¬ 
bilt University (1940-45) he joined the present 
institute in 1945, eventually becoming its 
associate professor (1946-47) and professor 
since 1947 

Dr. Luria 

Dr. Luria, Sedgwick Professor of Micro¬ 
biology at Massachusetts Institute of 
Technology, Cambridge, is credited with 
being the first to discover mutation m viruses 
and renowned for his other work on microbial 
genetics and biological effects of radiation, 
was born in Turin, Italy, on August 13, 1912. 
He was graduated from the University of 
Turin in medical sciences in 1935. Having 
worked in the Curie Laboratory of the Insti¬ 
tute of Radium (1938-40) he migrated to 
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U.S.A, lo work 111 bacteriology m Colum¬ 
bia Umversily (194U-42). He sc^^ed as pro- 
lessor in Iiuliana UnisersLly (1943-50) and 
'Univcrbily of Illinois 0950-59) and joiiied the 
Massachusetts Institute of Technology in 
1959. He is a non-iesideiU felknv of .SalK 
Institute of Biology and was the piesidcnl ot 
American Society of Microbiology (1967-6K). 
Recently, Drs. Delbruck and Liiria shared 
the Columbia University's 25,000 Hoiowitz 
for their pioneering icseurch in virology. 

Dr. Hershey 

Dr. Hershey, 6U-year-old Director of the 
Carnegie Institution’s Genetics Research 
Unit at Cold Spring Harbour, Long Island, 
New York, cstablisbed in 1952, using radio¬ 
active sulphur and phosphorus, directly and 
unequivocally that DNA was the siib.stance 
of heredity which, in the case of bacteriop¬ 
hage, upon catering the bactcial cell provided 
the genetic infoiination for replication of the 
invading virus lo ptoceed, Also icitowncd 
for his other works i nvolvtng genetic mapping 
of viruses and bacteiiopliages and the chemis¬ 
try of DNA Dr. Hershey received the Lasker 
Award in 1958. Dorn in Michigan on 
December 4, 1908 young Hershey received 
hisRh.D. degree in Chemislry from Michigan 
State University in 1934, He spent the next 
16 years in Washington University at St. 
Louis. He joined the present institute in 
1950 and became its director in 1962 

Dr. Hassel 

Dr. Odd Hassel, 72, now retired, foimcrly 
Professor of Physical Chemistry of Osla 
University in Norway, carried out in the 
1930’s and 1940’s pioneering research on the 
stereo arrangements of six carbon atoms of 
cyclohexane, a zig-zag-shaped closed-ring 
hydrocarbon. These atoms in this compound 
can bend, twist or fold over on another 
depending on the conditions permitted. Dr. 


Burton, m London, followed up these ideas 
and extended the investigations to large 
molecules such as steroids and terpenes, with 
complicated ring systems with biological 
functions. Their exposition offered ex¬ 
planation as to how two seemingly indentical 
compounds, but different in three-dimen¬ 
sional configurations, reacted differently 
with a lliiid compound yielding different 
leaclion products. Born in Oslo on May 17, 
1897 young Hassel studied in the University 
of Oslo and got his Ph.D. from the Uni- 
veisily of Berlin in 1924. Since 1925 he was 
111 tlic faculty of the University of Oslo, 
becoming Professor-Director of its Physical 
Chemistry Department (1834-64). Re- 
cepient of numerous medals and honorary 
degrees from different universities Dr. Hassel 
is also fanious for his contributions in the 
studies of crystalline and molecular structures 
of compounds by X’ray and electron diffrac¬ 
tion methods, measurement of electric dipole 
moments and atomic arrangements in weak 
complexes formed by electron transfer from 
donor lo acceptor molecules. 

Dr. Barton 

Dr. Derek Harold Richard Barton, 51, 
Professor of Organic Chemistry at London’s 
Imperial College of Science and Technology, 
opened the field of conformational analysis 
ill organic chemistry in 1949. The study of 
how compounds react when their three- 
dimensional shape is known is called con¬ 
formational analysis. It is through this 
analysis that it is quite possible lo predict 
the course of a chemical reaction in organic 
synthesis. According to his theory the spatial 
arrangement of phenols and alkaloids can 
indicate the biosynthetic pathways of many 
complex alkaloids. Born at Gravesend, 
England in 1918, young Barton studied in the 
Imperial College of Science and Technology, 
receiving his Ph.D. in Organic Chemistry 
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ill 1942. AfLe: working foi few years as u 
reseaich chemisL Dr Barton joined the tin- 
penal College as an Assistant Lecturer 
(1945-46) becoming its Piofessoi in 1957. 
He was made a Fellow of Royal Society in 
1954. He got Royal Society’s Davy Medal 
in 1961. In 1953 he was appointed u Pro¬ 
fessor at Birbeck College of London Uni¬ 
versity and a Professor at the University of 
Glasgow in 1955. As a visiting professor 
he lectured in vaiious universities of the 
U.S.A., France and Ireland. 

Dr. Gell-Mann 

Dr. Gell-Mann, 40, Professor of Tlieoietical 
Physics at California Institute of Technology, 
was cited for his discoveries into the classi¬ 
fication of elementary particles and their 
interactions, particularly between protons 


and neutrons in the atomic nucleus. His 
recent theory about the ‘quaiks’ the smallest 
particles of all matter has created sLu m 
the physics of elementary particles. Accord¬ 
ing to Dr. Gell-Mann, all other particles are 
the excited states of quarks. Born m New 
York in 1929 young Cell maun studied at 
Yale Univcisity and got his Ph.D.degree in 
Physics fiom Massachusetts Institute of 
Technology, at the age of 22, Having served 
at the University of Chicago for three years 
Dr. Gell-Mann joined California Institute of 
Technology in 1955 and became its Professor 
ill 1956, at the age of 26. Hewas awarded 
the Heineinan Prize of American Institute of 
Physics 111 1957 and an honorary degree of 
D.Sc. by Yale University in 1959, In 1961 
he discovered that the symmetry principle 
of mathematics could be applied to elemen¬ 
tary particle physics. 
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The Mail, the Earlh and 
the H('avenly Bodies 

K.C. Aoalkua, 


A stronaut Armstrong reported: 

“The sky was black but it looked like 
daylight out on the surface, and the svirface I 
looked tan. "When you pick up material in 
your hands it is dark, grey or black. There 
is a very peculiar lighting effect on the lunar 
surface which seem.s to make the colours 
change. I don't understand this contpletely 
He further reports: “There were two kinds 
of time, measured by the crew’s routine, 
and the other marked by the ageless rocks 
of the moon”. These observations suggest 
that the surface at the Tranquility Base is 
self-luminous. 

Synthetic crystals of titanium dioxide 
have eight limes greater dispersive powers 
than diamond, The moon dust and, igneous 
rocks consist of minute bits of rough and 
smooth glass and fragments of various 
minerals. They also contain a high propor¬ 
tion of titanium. Thus, the moon dust and 
crystalline igneous rocks can be regarded as 
combinations of several prisms of different 
materials. 

The moon dust behaves like prisms is 
confirmed by the following phenomenal 
ohservations 


fa) Astronaut Armstrong reported. “The 
corona of the sun was visible around 
the limb of the moon as a gigantic lens- 
shaped or saucer-shaped light stretch¬ 
ing out to several lunar diameters. It 
was magnificent, but the moon itself 
was even more so. We were in the 
shadows, so there was no part of it 
illuinmated by the sun. It was illu¬ 
minated only by the earth, by earth- 
•shine. It made the moon look like 
grey and the entire scene decidedly 
three dimensional”. 

(b) Astronaut Edwin Aldrin leported: 
“The objects would go away with a 
very lazy motion. If any one tried to 
throw a base-ball back and forth in 
that atmosphere he would have diffi¬ 
culty at first acclimatizing himself to 
that slow lazy irajeelory, but I believe 
he would adapt to it quite readily”, 

(c) Astronaut Edwin Aldrm reported ; 
“The horizontal reference there is not 
all well defined. That is, it’s difficult 
to know when you aie leaning for¬ 
ward or backward and to what degree. 
This fact, made local features on the 
moon appear to change slope depending 
on which way you were looking and 
how you were standing. ’ ’ 

(d) Astronaut Armstrong reported: “The 
rocks seemed to be coming up at us 
awfully fast”. 

(e) Astronaut Edwin Aldrin reported: 
“The light was sometimes annoying 
because when it struck our helmets 
from a side angle it would enter the 
face plate and make a glare reflected all 
over it, Then when we entered a 
shadow, one would see reflections of 
our own faces in the helmet and they 
obscured anything else that was to be 
seen. Once my face went into a shadow 
it took may be 20 seconds before my 
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pupils dilated again and T could see 
details”. 

Einstein predicted the existence of gravi¬ 
tational waves, but it has not been possible 
to verify this. No available sensitive system 
could detect the existence of gravitational 
waves nor any mechanical apparatus has been 
possible to generate detectable gravitational 
energy. The reason is quite obvious; how a 
thing can be detected when it does not exist. 

Newton constructed gravitation on the 
basis of the existence of heavenly bodies, but 
the data provided by the Apollo flights does 
not support the existence of heavenly bodies 
They are simply consequences of (i) wave 
phenomena like reflection, refraction, in- 
terence and diffraction; (ii) laws of electro¬ 
dynamics. 

Therefore, in conformity with the first idea, 
of Newton, the spacecraft rises up, up and up 
under the action of the force applied but 
when the action of the applied force exhausts 
due to air resistance, the spacecraft deviates 
from a rectilinear path, and adopts a falling 
motion describing a curved trajectory. When 
it enters the environment of the nucleus 
of the earth where exists a natural nuclear 
reactor and from which energy flows to all 
parts of the earth, it is caught in the grip of 
waves of rejected steam and duly processed 
and purified steam. These incoming and 
outgoing waves keep the spacecraft in a 
position of equilibrium. 

The following unusual phenomena cast 
doubt on the existence of heavenly bodies. 

(c) The size of the sun (reported by the 
crew of Apollo-8 as taking a fan shape) 
as it appears over the horizon of the 
Sea of Tranquility is thousands of 
times larger than the sun which we 
earthlings observe though there is a 
negligible difference in earth-sun and 
moon-sun distances. 

(d) At a distance of 240,000 miles or so 


from earth, astronaut Cernan des¬ 
cribed the size of the earth as that of a 
dime, but earth gives a sharper defi¬ 
nition when viewed from the Tran¬ 
quility Base and its size is thousands 
of times larger than the one reported 
by astronaut Cernaii. 

(e) The appearance of the Sea of Tran- 
qiiillity under mysterious circums¬ 
tances The crew of Apollo-8 in the 
7th orbit reported; “We are now seeing 
the Sea of Crisis coming over the 
horizon . The sea is remarkable 

smooth.’’APOLLO CONTROL: 

This is phenomenal. Astronaut Anders 
further repoited: “Just to the west of 
the Sea of Crisis is the Marsh of Sleep, 
and west of thatis the Sea of Tran¬ 
quility. The Sea of Tranquility is 
smooth and there are no craters or 
mountains”. 

(0 Absence of the moon’s horizon before 
the spotting of the Sea of Tranquility 
(m case of ApoIlo-8). 

(g) The crew of Apollo-8 described the 
view of the sun “very beautiful” To 
the crew of ApolIo-11 it was an eerie 
sight. 

(h) The crew of Apollo-8 described the 
moon as a vast, forbidding expanse 
of nothing. The crew of Apollo-10 
described the view of the moon fan¬ 
tastic, unbelievable, and absolutely 
incredible. 

The earth has 6 times more gravitational 
energy than moon. Why the “gravity assist” 
does not come from flying close enough to the 
earth to have the speacecraft accelerated and 
its trajectory turned by the earth’s gravita¬ 
tion? 

The natural reactor system at the nucleus 
of the earth (Tranquility Base) is surrounded 
by compacted rooks which, act as a thermal 
and biological shield, The shield in turn is 
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surrounded by moon d\jsi whieb -acts as u 
reflector when pressure inside the rcnoti>i 
core is high and reflects tlio“ positise rays'" 
back into the core. 

When pressure in.side the core is l<n\\ the 
same moon dust acts :is a prism and llic blue 
light emitted by mercury atoms inside the 
reactor core emerges fiom the moon dust and 
is dispersed into spectrum. The blue colour 
of the sky is due to the scattering of blue light 
by the moon dust (mercury iilotns at a low 
pressure emit chaiacleristic light consisting 
of only blue, yellow green and violet). 
Tipping of tube back and forth from one side 
to another support my views about the 
existence of a reactor core at the Tran¬ 
quillity Base. 

The following events suggest that the Sea 
of Tranquility is a source of intcn.se radio¬ 
activity ; 

(a) The rolling and wobbling of the lunar 
modules. 

(b) The jerking of the command ships at 
the time of docking. 

(o) Great activity of the guidance system. 

(d) Bouncing of the astronauts as they 
walked around the lunar module. 

(e) Computer problems. 

(f) First increased heartbeat and gicat 
activity but thereafter laziness 

(g) Failure of cameia batteries and the 
batteries in the ascent stage of [he 
lunar module, 

(h) The “Snoopy” looked like a snow¬ 
storm hit it, The astronauts of 
Apollo-10 noticed beads of water on 
a steel rim around the forward hatch. 
(‘Photons’ are absorbed only in the 
presence of water). 

The situation, with the crystalline igneous 
rocks is somewhat different. Here the 
crystals behave as diffraelion gratings and 
the role of “slit” is^ played by; the unit' cell 
'of the crystal. ’ Thfe mobn-dnst covering the 


reactor system serves as lenses. When light 
consisting of a mixture of wavelengths 
emerges Iroin the reactor core and is diffrac¬ 
ted by the crysUillmc igneous rocks with 
larger gniins, the moon dust brings to focus 
all light travelling in a specilied direction and 
I'oims a luintbcr ol slit images in different 
positions at infinity in the sky, eveiy wave¬ 
length in the original light giving rise to a 
set of slit images deviated by the appropriate 
angles or in othei words, a continuous group 
of images is formed side by side, i e., light is 
dispersed into continuous spectra. These 
'slit images' appear to us as stars. That is 
why, the .stais we sec make up a tremendous 
lens-shaped system. Planets are chromatic 
and monochromalic abeirations and are 
simply consequence of the laws of refraction. 

In diffraction problems some light is al¬ 
ways found wilhm the region of geometrical 
.shadow. It was in conformity with this 
principle, that the astronauts of Apollo-8 
observed little while rays radiating from the 
geometrical shadows casted by the prism- 
produced illusory craters. The jagged craters 
illustive in nature cast shadows, which to the 
crew of Apollo-8, appeared impact—all 
terraced and rounded off having grey colour 
and bright interiors during the first 7 re¬ 
volutions around the condensed rejected 
steam. 

Wild arrays of igneous rocks form them¬ 
selves into craters when viewed from a proper 
angle. Their gigantic size is due to the Sea 
ofTranqnility’s intricate environment which 
Buds analogy in the distorted room at the 
Graduate Centre of the City University of 
New York. 

(a) Astronaut Armstrong observed a 
football field-size crater over the pre¬ 
selected landing site. ' 

- (b) On the selection ■ of an alternate site 
for landing,-Armstrong reports; “We 
"looked at several and F changed my 
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mind a couple of tunes. One would 
look a pretty good, and then wc got 
a little clo-scr, it would look less attrac¬ 
tive, The one wc cho.se wa.s only a 
couple of hundred feet square, about 
the size of a big house lot. It was ringed 
on one side by some fairly good-.sized 
craters and on the other with a field 
of small rocks”. Aimstrong further re¬ 
ports: “I thought I would be able to 
see the run of West Crater behind 
the LM but the abrupt curvature of 
the moon’s horizon prevented it”. 
But in an audience with General 
Plidhps, Armstrong discloses he had 
walked about 200 feet from the moon 
landing craft when he went behind 
it. 

(c) Astronaut Edwin Aldrin reports: 
“We did not have any craters or boul¬ 
ders but there were rocks of all shapes 
and sizes”. 

The fission process in the natural reactor 
system at the nucleus of the earth (Tran¬ 
quility Base) may be summarised as follows : 

Inside the core, the photons (mercury 
atoms) collide with the nuclei. The nuclei 
are split into (i) positrons, (li) electrons, and 
(iii) rejected steam, The rejected steam con¬ 
denses and serves as a screen for geometrical 
shadows projected by the obstructions- 
igneous rocks. (During the first 7 rounds, 
the astronauts of ApoUo-8 circled the con¬ 
densed rejected steam). The positrons 
(positive charge) and electrons (negative 
charge) released in the process of fission 
establish electric and magnetic fields. When 
the negative and positive charges reach the 
bulged parts of the earth (earth is pear-shaped) 
the trajectories of oppositely oriented 
charges begin to turn as a consequent to the 
decrease in intensity of the fission process 
inside the natural reactor core at the Tran¬ 
quility Base, The tHarges which frOm “atf 


acute angle with the field “swallow up” those 
wlucli form an obtuse angle with the field. 
The ‘transitional layer’ or the ‘spark gap’ 
where the “.swallow up” process takes place 
appears to us as ‘sun’. 

The po.sitrons and electrons absorbed by 
the earth collide within the earth’s crust 
tliereby annihilating each other and giving 
rise to photons again saving the conservation 
laws. TJic photons (mercury atoms) are 
transported by conduction to the natural 
reactor core at the nucleus of the eaith 
Tranquility Base) where they cause fission and 
the cycle repeals. It is a cyclic process ana¬ 
logous to recoilless gamma ray emission 
followed by resonant reabsorption. 

The evolution of heat could be regarded as 
a mtiltitude of sparks that involves'movement 
of electrons from one state or orbit to an¬ 
other, the sort of thing that happens when 
electrons leap across between the two elec¬ 
trodes of a spark gap. 

(b) Energy is radiated when a rapidly 
moving hot electrically conducting gas 
iiiteiacls with a magnetic field. 

(c) When two different metals are joined 
together at both ends, and one end is heated 
and the other cooled, an electric current flows 
around a circuit. 

In the atmosphere, there exists a rapidly 
moving hot electrically conducting gas where 
according to the astronauts of Apollo-8, 
the temperature was 6000 degrees Fahrenheit 
and also a strong magnetic field. In other 
words, layers of hot and cold air exist in the 
atmosphere. It is immaterial whether they 
originate from the nucleus of the earth or 
some celestial body, but to satisfy the 
provisions of electrodynamics, they are 
required to establish electromagnetic field 
for the radiation of energy and also to 
produce ‘spark gap’. 

The sunrise which the astronauts of 
ApoUo-S described as ‘ta3dlTg"a“Tan shape 
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and concenlraled bazc going away Iroin the 
'fiun spots' was a renccted image of the 
fission process occurring inside the natural 
reactor core. The principles of dispersion 
state, on emerging from the prism the light 
IS spread out into a fan-shaped bcain. The 
theory of particles' generation slates when 
clectron-po.sitron pair is generated, such a 
pair leaves a characteristics track in the form 
of a two-prong fork. 

(b) Apollo 11 astronauts report there is 
only 11 degrees of sunrise at the Transquility 
Base on the moon. This sun was a reflected 
image of the ‘spark gap’—spark gap which wc 
earthlings call as ‘sun’. Tlie moon which we 
observe is an “electron image” 

(c) The earlhrise re]tortcd by the astro¬ 
nauts of Apollo 10 and 11 at the Tranquility 
Base was a condensed rejected steam illu¬ 


minated by the light emanating from the 
natural reactor .system. The condensed 
rejected steam serves as a screen for the 
projection of geometrical shadows. 

Mercury is a wonderful gift of nature. The 
suggested dose in sixth decimal potency re- 
cslablishe.s the equilibrium and harmonious 
inleraciion between the negative and positive 
charge in every cell of the human living or¬ 
ganism thereby restoring the patient to normal 
health. The suggested dose is never to be 
repeated. 

However, the fundamental problem under 
consideration us the true identity of the Sea 
of Tranquility with its sunoundmgs— 
whether it is nucleus of the earth or some 
celestial body. The issue, no doubt, will 
be decided when the crew of Apollo-12 
attempts landing near natural turbines, 
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New Dimensions in 
Science Education 

(Lcjisoiis from U S.A,) 

J. K. SooD 
Regional College of Educalion, 

Ajmer. 


AMERICAN National Curriculum Pro- 
^ jecls in Science present a promising 
image. Individuals studying these projects in 
bits are apt to be lost like a pebble tossed into 
the sea. “Science—a Process Approach’’, 
developed by the Commission on Science 
Education of American Association for the 
Advancement of Science and “Conceptual 
Oriented Programme in Elementary Science”, 
directed by Shamos, present alternate 
approaches to the elementary school science. 
It raises a significant question: whether 
to accept the process approach or unifying 
concepts of science for the curriculum deve¬ 
lopment, or to go in for the middle of the 
road philosophy. In either case it will be 
a difficult decision. Similarly, at the higher 


secondary stage the question arises: whether 
to accept the Physical Science Study Comm¬ 
ittee materials or Harvard Project Physics; 
Biological Sciences Curriculum Study Yellow 
Version, Blue Version or Green Version; 
Chemical Education Material Study 'or 
Chemical Bond Approach. 

The confusion is surperfluoiis as the 
essentials of all these different curriculum 
projects are inherent in the American life and 
temperament. Americans are adventerous by 
nature, love variety, get “feel’ ’ of the problems 
and with challenge solve them. They are not 
satisfied merely by finding solutions. They 
try to achieve supremacy at the international 
level. In the thirties, science and technology 
were not well developed disciplines m 
America. Tn 1968 Luis W. Aevarez won 
Nobel Prize in Physics, Lars Onsager in 
Chemistry, Hargovind Khorana, Robert 'W. 
Holley and Marslieel W. Nirendberg for 
medicine and physiology, The Apollo 11 
astronatuts, Neil-Armstrong, Edwin Aldrin 
and Michael Collins created the greatest 
event of world history by landing on 
moon. 

The launching of Sputnik I on October 
4, 1957 challenged American Science and 
Technical Education. Science Education 
became a national concern. The challenge 
was accepted, jointly, by scientists, science 
educators, psychologists and classroom 
teachers. All different aspects, beginning 
from the nature and philosophy bf 
science to classroom teaching were critically 
reappraised. 

This was the beginning of new era in 
science teaching. New curricula, first fob 


* Lessons from Britain; paper written by Dr. W.J. 
Jacobson, Teacher’s College, Columbia University, 
New York, encouraged the author to hjghjight his 
experiences of U S A. The author expresses his 
gratitude to Dr. Jacobson for his helpful comments 
on a draft of this manuscript. _ 

* nt n 


the secondary and later for the elementary 
;n by Dr. W.J. level and more recently, for undergraduate 
ia University, developed. These .effdrts ..were 

) highlight his jj^dQjjal as well as local in character. Many 

rm‘i^™ems of them became international in due course 
,ful comments t^ne^odhy,, research, done in science 

•r*i 
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education has no parallel throughout 
the world. To under.stand these projects in 
science curriculum one needs as understand¬ 
ing of research, experimentation in schools, 
and a variety of these projects. 

The purpose of all these efforts was to 
teach science which is scientifically authentic 
and intellectually stimulating. Timely 
publication of Education and the Spirit 
of Science (N.E.A., 1966) reaffirmed the faith 
and redefined the values of science education. 
Emphasis was on the development of rational 
powers of the individual to the full extent and 
to prepare the scientifically literate indivi¬ 
dual, who can understand the nature and 
events of contemporary civilization. Pella, 
O’ Hearn and Gale (1966) have very aptly 
defined and described the meaning of scienti¬ 
fically literate individual. Such a person is 
characterized with an understanding of the 
following: 

1. Interrelationships of science and 
society. 

2. Ethics that control the scientist in his 
work. 

3. Nature of science. 

4. Basic concepts in science. 

5. Difference between science and techno¬ 
logy. 

6. Interrelationships of science and tech¬ 
nology. 

These specifications have unlimited impli¬ 
cations both for developed and developing 
countries. Concept of literacy helps in 
understanding the nature of science by practis¬ 
ing the process of inquiry and eliminates the 
fear of falling in obsolecence. After all 
the first objective of education is that it 
serves the future. Knowledge to be of 
greatest value must be usable beyond the 
context m which it was learned (Hurd, 1963). 

■ Certain common thoughts' stem from 


these efforts which are agreeable trends in 
science teaching. 

1. A trend towards more adequate recogni¬ 
tion of science instruction as a necessary 
component of general education (Action 
for Science, 1959). 

2. Teaching science scientifically is the 
most profound influence, i.e., in¬ 
creasing recognition that processes of 
science have equal significance along 
with the concepts of science (Wood- 
burn; Obourn, 1965). 

3. Expansion of scientific knowledge 
demands conceptual scheme approach 
for the curriculum construction, which 
also helps in maintaining the integrity 
of the discipline. Piaget’s thinking is 
also associated with teaching structure 
of the .subject matter. The pedagogical 
idea is that children should be taught 
the unified themes of subject matter 
area, after which they will be able to 
relate individual items to this general 
structure (Eleanor Duckworth, 1964). 

4. Laboratory experiences which run over 
a much longer time, perhaps several 
class periods even weeks to bring com¬ 
pletion shall be in vogue (Hurd, 1961). 

5. Close cooperation among working 
scientists, psychologists science educa¬ 
tors, and classroom teachers for the 
development for curriculum materials, 
experimentation and final writing is 
needed. 

6. There is an urgent need of continuous 
reappriasal of science content. 

7. There is need of effective in-service 
programmes for teachers so as to ko®P 
them abreast with the latest content 
and technology of teaching. 

8. A trend to develop text, laboratory 
manual, teacher’s guide, films, fita- 
stnps and other supplementary material, 
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9. Role of the teacher is not to disseminate 
Jcnowledge but to work as a guide or 
as an organiser of the learning activities. 

10. Use of television, teaching machines, 
programmed materials and other teach¬ 
ing aids shall be of special significance. 

Implications for Indian Schools 

The aforesaid trends have far reaching 
implications both at the primary as well as 
secondary stage. We can hardly escape 
from these implications. It is better to 
understand the philosophy of these “new 
curricula” and utilize the experiences which 
are “lessons” not only for us but for all 
concerned with the improvement of science 
teaching. These trends substantially influence 
four different aspects of science education. 

Science as part of General Education 

In the scientifically oriented society all 
citizens need functional understanding of 
science so that they may realize the signi¬ 
ficance of healthy living; faith in the distinc¬ 
tive methods of science in solving problems, 
and respect in the rational decisions. 
Secondly, science education shall prepare 
technical personnel, who can help in har¬ 
nessing the untapped natural resources. 
After all, sound and vigorous economy 
depends on the maximum use of science and 
Its application. Therefore, science should 
be a part of general education. 

Innovations in Science Curriculum 

A continuous, sequential science pro¬ 
gramme from kindergarten through tenth 
grade, with planned long range objectives is 
needed. The organization of the content 
should reflect the “structure of science”. 
Major ideas should be a part of conceptual 
schemes, as it is one of the effective ways of 
organizing the fantastically developing scienti¬ 
fic knowledge. 


Curriculum should not be only for an 
elite group but it should cater to the needs 
of all students with different aptitudes, abi¬ 
lities and interest. Even below average 
students shall meet their demands. Subject 
matter needs continuous examination and 
rigorous treatment. 

Dynamic approaches to Science Teaching 

Processes of science demand inquiry 
approach where students learn unaided. 
Teaching shall be on open-ended methodo¬ 
logy. Individualized instruction shall get 
more attention so that children can under¬ 
stand the empirical basis of scientific evidence 
The purpose of school is to make children 
learn, ‘how to leain’’ Thus preparing a 
“self learner” or “an automated leai'ner”. 

Science Teacher as an Innovator 

In these situations the role of the teacher 
shall be of a guide—a person who tries to 
organize learning situations rather than a 
disseminator of information. He will be an 
innovator, searching and presenting new 
learning experiences. 

Understanding the nature of the learner 
is an essential part of the teacher’spersonality. 
He shall be able to interpret the social impli¬ 
cations of the continually changing scientific 
enterprise. Doesn’t it demand rethinking 
in our teacher education programmes^ 

In India we are trying to propagate the 
spirit of “new curricula” through Science 
Summer Institutes. This involves discovery 
approach on one hand and an understanding 
of the learner on the other. Today, we 
should establish sound relationship between 
teaching programmes in science and the 
nature of science This need further elabora¬ 
tion: 

Nature of Science 

Inclusion of facts and principles of science 
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arc essential m science teaching. But it 
shall be iiicontpletc without including pro¬ 
cesses of science Processes of science shall 
help the child in understanding the nature of 
.science. After all, “Science is cummulativc 
and endless series of empirical observation.s 
which result in the formulation of concepts 
and theories, with both concepts and theories 
being subject to modification in the light 
of further empirical observations. Science 
is both a body of knowledge and the process 
of acquiring and rclining knowledge (Fiz- 
patricted, 1960). 

Science —A Process Approach, prepared 
under the auspices of the AAAS Commission 
on Science Education has identified processes 
of science ns follows: 

Classifying, inferring, predicting, measur¬ 
ing, communicating, interpreting data, mak¬ 
ing operational definitions, formulating 
models. 

Therefore, scteiicc teaching should in¬ 
clude not only facts of science but also em¬ 
phasize on the processes which help in acquir¬ 
ing the knowledge. 

Nature of the Learner 

Understanding of concepts, generaliza¬ 
tions, and facts of science is necessary. Yet, 
the development of attitudes and critical 
thinking are not excluded, understanding 
of learning theories and development of the 
cliild shall strengthen the efficiency of the 
teacher. 

Later half of this century has witnessed 
the growing influence of learning theories 
and allied research in science curriculum- 
Many psychologists have contributed to 
the field of learning. Thorndike (animal 
trial and error), Skinner (reinforcement) 
Pavolv (the conditioned response), Ebbw- 
ghaus (the learning of verbal associates), 
Wertheirmer, Kohler and Koffka (insight). 
Contributions of learning theories help the 


icacher in iinderslanding the nature of the 
child, pro)7er organization of learning ex¬ 
periences and role of motivation. It is being 
fell lhat the involvement of children m learn¬ 
ing, reward or reinforcement, new exciting 
cxpcrience.s, meaningful malerial, provision 
of rich and varied environment help the 
learners positively and makes teaching effec¬ 
tive. 

Psychologists have contributed to our 
understanding of how particular kind of 
learning takes place. Robert M. Gagne 
views learning as heirarcliical, with one 
step 01 stage forming the pre-requisite for 
further learning and for more difficult and 
complex behaviour. The heirarcliical approach 
has the advantage of forcing thb teacher to 
first decide upon what he expects from the 
child to be able to do and then to set the 
conditions of learning, starting from where 
the child is, so that the desired behaviour 
can be reached and assessed. 

Gagne suggests that sequence is important, 
because new learning and strong motivation 
arise from the “proper” presentation and 
sequence of ideas. Gauge believes that 
“content” and its “order” are the two most 
important factors in learning and both 
must be appropriate for the learner (Gagne’ 
1963). 

The work of Geneva School has aroused 
interest in developmental psychology and the 
thinking process. Piaget views intelligence 
as the individual’s ability to act in certain 
ways and perform certain logical operations. 
For Piaget, cognitive development occurs in 
substages, stages and periods. How 
docs a child at various stages of cognitive 
development learn ^ A few points "Stem from 
the studies of Piaget. 

Piaget stresses the importance of Child’s 
direct activity vis-a-vis content. The Geneva 
School, does definitely place major emphasis 
on direct activity on the part of the child. 
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SecondimpUcatioii stems from consideration 
of the stagewise cognitive development. 
This would imply that activities in the curri¬ 
culum, be analyzed tn Icrnrs of logical opera¬ 
tions inherent in them, and decisinn.s must 
be made as to whether or not the citild, 
at some particular age and devclotunenlal 
level, can operate at the cognitive level 
that the operations demand. 11 is important 
that the spacing of learning activities is a 
very important factor in planning an instruc¬ 
tional programme. In other words, Piage- 
tian theory supports the use of the “spiral” 
curriculum even at the unit stage (Lawery & 
others, 1968). 

Social Implications of Science 

The influence of science and technology on 
society varies from time to time, ft is tre- 
mendotis in this century. In every walk of 
life an individual needs clear understanding 
of science. Social implications of this nature 
were highlighted by Browowski after the 
Hiroshima disaster. Further, C.P. Snow 
dramatized the social implications of science 
by citing examples of rich and poor nations 
due to proper utilizations of science and 
consequences for the rich nations if develop¬ 
ment of poor nations is neglected. Society 
needs scientifically literate citizens who can 
take rational decisions for the proper use of 
science. Hence, science should be taught 
as a process or way of behaving, influencing 
the social forces on the formation of attitudes. 

Conclusion 

A new programme in science education 
shall provide opportunities for individual 
work, involvement of children in first hand 
experiences thereby acquiring abilities needed 
to become a rational human being. The 
emphasis on processes of science, developing 
positive attitudes toward science and 
society, understanding the relationships of 


society and science and an innovator teacher 
.shall improve the .science teaching. 

Yet much remains to be done when we talk 
of implementation. Changing the style of 
teaching, equipping the teacher with new 
knowledge, preparation of instructional 
materials, and keen cooperation of society 
arc the problems yet to be solved, Such an 
approach shall rejuvenate the science courses 
which are repetitive and superficial in nature, 
unstimulating and almost devoid of 
laboratory work. 

Wc need help of the working scientist to 
upgrade the content knowledge of teachers; 
behavioural psychologist to popularize the 
theories of learning; and science educators 
to experiment with new methods of teaching. 
Remember! we have to go far and fast. This 
is the contention of the author that there is 
no harm in borrowing “the spirit” of these 
American efforts rather than beginning from 
a scratch. 
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Study of Surfaces 
Part III (interface) 
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A n interface is a boundary between two 
phases. When one of the two phases is 
a gas or vapour, the interface is commonly 
called a surface. Rarely do the molecules 
of any phase keep to the bulk of that phase. 
Quite often, there is an interpenetartion of 
one phase by the molecules of the other and 
vice versa, though this penetration may not 
be more than a few molecular diameters deep. 
It may be desirable to emphasize that an 
interface is formed when the two phases are 
chemically dissimilar, such as between polar 
and non-polar substances. This applies 
only for liquids. 

One of the most common example of an 
interface are the colloidal dispersions of one 
phase into another. Both the dispersed 
phase and the dispersion medium can belong 
to either of the three states of matter. Table 
I gives the important types of colloidal 
systems (See table I). 

Colloids are characterised by the narrow 
range of the size of their particle which lies 
between lO-s to 10-^ cm. In fact colloidal 
state IS regarded as an intermediate between 
a true solution and a suspension. In a true 
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solution, the particles are not visible, while 
tn a suspension, tliey can be visibly seen. 
Though the particles of a colloid cannot be 
seen with the unaided eye, their presence can 
be ascertained through an ultra-microscope. 
Further, molecules in a solution possess 
those properties which depend upon chemical 
forces of attraction and repulsion and upon 
electric charge. The particles of a suspension, 
on the other hand,exhibit bulk properties such 
as density, hardness etc. Though colloidal 
particles do exhibit some bulk properties such 
as density, viscosity but m the main, focrces 
of a chemical nature govern their behaviour. 
The reason for this lies in the relative im¬ 
portance of surface volume ratio of a small 
particle, rather than of the bulk. To give 
you just an idea, how large the surface area 
can become, let us take a cube having an edge 
1 centimeter long. Let us divide it into smaller 
and smaller cubes and see how surface area 
increases. 
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L ength of tha edge Surface area 

icm 6 sq cm-(6.1-) 

lO'i cm (1 mm) 60 sq cm- (1000 > 6 

, 0 . 1)2 

10-2 cm(O.lrmn) 600 sq cm- (1000000 >' 
6 , (0.0I)« 

10-^ cm (0.001mm) 60000 .sq cm 
I0-''cm(0,00001cm) 6000000 .sq cm 

10-7 cm (0.000001mm) 6000 sq metre (IJ 
acre.s). 

Effects wliich are not detectable on a 
surface of only six square centimeters, become 
much more pronounced when the same sub¬ 
stance exposes a surface area million times 
larger, for example, solubility of a substance 
while in the form of a lump and that when 
the same lump is reduced to a fine powder. 

Inteifacial Tension 

The tension at the interface can be measured 
in the same way as the tension at a surface. 
Some of the methods of measuring surface 
tension illustrate how an essentially mole¬ 
cular property like intcrfacial tension can 
be determined by balancing it against the 
force of gravity, which is essentially a macro¬ 
scopic property dependant only upon mass. 
By carefully mixing benzene with carbon 
tetrachloride, we can get a liquid with speci¬ 
fic gravity equal to one. Water drops sus¬ 
pended in such a liquid will assume a sphe¬ 
rical shape. 

It will be interesting to know as to mole¬ 
cules of which of these two substances will 
try to concentrate round the water molecule. 

The magnitude of interfacial tension of the 
two phases is a measure of the degree of 
miscibility. The higher the interfacial tension, 
the greater the immiscibility. Frequently, 
the addition of a third substance to two 
completely immiscible phases, reduces the 
mterfacial tension between them considera¬ 
bly and consequently increases their mutual 
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solubility and stability. For example, inter¬ 
facial tension between benzene and water is 
35 dynes/cm. One can see two separate 
layers. Addition of a small amount of sodium, 
oleate reduces the value of mterfacial tension 
to only 2 dynes/cm, thus making the emulsion 
of benzene in water quite stable. Conversely 
if the third substance is more soluble in one 
than in the other, it can make two completly 
miscible substances separate into two phases. 
An interface is much more sensitive to im¬ 
purities as compared to the surface. You 
may ask, how does this third substance 
arrange itself at the interface. Obviously, it is 
to satisfy two suiters. In the case of sodium 
oleate, probably the Na side points towards 
water and the oleate side towards benzene. 
The molecule does not get ionised as it 
resides only on the surface and the bond cannot 
be broken by the low dielectric of the surface. 

Miscibility and Interfacial Tension 

There is a direct relation between miscibi¬ 
lity and interfacial tension. The higher the 
mterfacial tension, the lesser the miscibility. 
For example, the interfacial tension between 
benzene and water, the two practically immis¬ 
cible liquids is 35 dynes/cm. whereas that' 
of water and ethyl alcohol is nil, as they-are 
miscible in all proportions. 

An interesting aspect of this relation is the 
existence of critical solution temperature. 
Certain pairs of substances (phenol and water) 
are miscible in all proportions, only above 
a certain temperature called the maximum 
critical solution temperature, while others 
(trimethyl amineaiid water) are miscible in 
all proportions only below a certain tempera¬ 
ture called theminimum critical solution tem¬ 
perature. There are yet a third class of substa¬ 
nces (ii'cotinc and water) which are miscible 
111 all proporiions both above and below 
certain critical temperatures. In the inter¬ 
mediate range, they separate into two layers. 
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These gritieal .solution temperatures are 
very susceptible to the presence of even traces 
of impurities. They arc widely used in the 
petroleum industry for an approximate 
knowledge of the aromatic content of hydro¬ 
carbons. It is known by the name of 
Aniline Point. 

Colloids 

I have already quoted colloids as an im¬ 
portant example for studying the properties 
of an interface. This intermediate state has 
peculiar properties of its own, such as undetec¬ 
table colligative properties, easily visible 
turbidity, negligible diffusion rates etc. 

In a colloid, two properties play the major 
part—the size and the charge. When wc 
reduce the size of a particle to microscopic 
limits, the unsaturaliou of bonds at the 
surface is so large that the field of surface 
forces makes its influence felt. For example, 
whereas ordinary ions in a solution have one 
or few electronic charges, colloidal ions have 
hundred or thousandss of them. The result 
is stronger electric forces preventing complete 
dissociation. 

The presence of charge on colloidal parti¬ 
cles can be very easily demonstrated by ob¬ 
serving the relative motion of a boundary 


under the influence of applied potenUal. 

To avoid gas evolution at the electrodes, it 
lb necessai 7 to use reversible -electrodes like 
Ag ^ AgCl, Zn ^ Zn SO 4 
In the above experiment, it is the liquid 
which moves. By analogy with the pheno¬ 
menon of Osmosis, the movement of the 
liquid is called electro—Osmosis. By a 
modiflcaliou of the apparatus the movement 
of colloidal particles can also be shown 
This movement of colloidal particles in an 
electric field is known as electrophoresis or 
caiapho res i s. The rate at whi ch the colloidal 
particles move depends on their charge, size 
and shape. It is of the order of 10—cm per 
second for a potential gradient of 1 volt per 
cm. The direction of movement can be used 
to ascertain whether the colloidal particles 
are positively or negatively charged. 

Colloids are generally classified into two 
main class Lyophillic and Lyophobic i.e. 
solvent attracting and solvent hating. The 
former are thermodynamically more stable 
than the latter. 

An interesting property of the colloids is 
the scattering of light by them. Since 
scattering depends upon a difference In re¬ 
fractive index of the particle and the medium, 
it will be large with the hyobolic colloids and 
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Fig. 1. Movemen! of liquid under applied potential 
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Fiir. 2. Movamcnl of colloidal panicles uncler applied pole,,,lal 


small with hydrophillic ones as m the latter 
case, the particles are so strongly solvated 
and often probably penetrated by solvent 
molecules that there is very little difference 
in refracture index of the colloidal particles 

and the solvent. . 

For a dilute suspension of sphereii^l 
particles of radii less than l/20th of the 
wavelength of incident light, Lord RaleigU 
obtained the following formula for scattering: 

I-j-Cos^e) 

where Is = the intensity of scattered light 
li = the intensity of incident hgn 
a. =the polarizability of the particle 
=the radius of the particle 
A = the wave-length of incident hg i 
0 = the angle at which light is scattere 
One point is quite clear from the 
equation. There is a strong ' 

dence on the wavelength of light, 
shorter the wave length, the 

scattering. This explains ^ ® ^..ater 

blue. The blue light is scattered to a greater 


extent by the tiny dust particles suspended in 

rigid little spheres. When 

shows itself in making the viscosities 

solutions, unusually high. 

C oW,.ll n.l,.re of colloid. CO b. 

<)isoo«sc4 oodot tte followit.iI tods. 

(i) Surface properties. 

(ii) Electrical properties. 

(iii) Optical properties. 

(,v) Kmotlo todamcBl. 

Opportunities to apply me T„,i,i<iirial 
of »Uoid and aiofac tomaW 
Research are many and varied. One reason 
for such a strong interest m 
is that it is difficult to avoid 
Most of our operations are containe y 

raSc»:to„yo'f.ba.i.~«cdoa 

‘ItoonSmocLSirfacs. Some of 
the Mds in which aWdy of autfto. play* •" 

‘"TN^SuoTand gtow.h of oty.U,.. 
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(ii) Nucleation and growth of bubbles, 
(ill) Strength of materials on grinding. 

(iv) Sintering of ceramics and other 
materials. 

(v) Catalysis by fine powders. 

(vi) Surface coatings and adhesivc.s. 

(vii) Lubrication and prevention of wear 
and tear. 


(viii) Corosion and its inhibition. 

(ix) Soils, their swelling and exchange 
capacity. 

(x) Stabilization of emulsions, foams and 
gels. 

(xi) Evaporation control. 

(xii) Flotation of minerals. 



remaiiiB the same: Mahatma Gandhi’s 
message of Ahimsa is for ever and the moral 
values he introduced into politics will be 


Plant Lore of Rajglrat 
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R AJGHAT the samadhi of Mahatma 
Gandhi—has acquired unique significance 
amongst the revered memorials in the history 
of the Nation. On the eve of the Birth 
Centenary of Mahatma Gandhi this year, 
we thought of surveying Rajghat and paying 
our respects as botanists by exploring the 
variety of plants that adore the cherished 
memory of this great saviour of mankind. 

The Location 


Rajghat is situated on the banks of the river 
Yamuna, on Ring Road, covering an area of 
about 18 ha. The Samadhi is surrounded on 
the south and east by the Power House, on 

the west by Ring Road, and on the north by 

SHANTi vANA, the Samadlti of ri 
Jawahar Lai Nehru. 

The plants have been gathered from different 
parts of the country as well as from different 
countries of the world Whether you are 
looking at the Pinus planted by Queen Eliza¬ 
beth, or the Magnolia tree commemorating 
the visit of the late President Eisenhower, 
a sapling of Cassia by President Nixon, or 
even the latest addition of banyan tree y 
Khan Abdul Gaffar Khan, the theme always 


upheld as true for many generations to come. 

The general layout of the Samadhi has 
been planned in a very simple but impressive 
manner. The she is broadly divisible into 
a lower small rectangular piece of land in 
the front followed by a raised platform on all 
sides, covering a much larger area. The 
main Samadhi is located in the rantre 
surrounded on all sides by stately built, 
cave-like arches of shimng white stone. Four 
majestic silver-oak iGrevillea rohustd) trees 
decorate the corners of the enclosed square. 
These are accompanied by trees of As o 
(Polyalthialongifolia), Junipems, andCh^pa 
(Plumeria rubra forma acutifoha). !Sea.uy 
trimmed grass patches are maintained, inter- 
spersed in between the stone slabs and the 
winding paths leading from the o^trances 
to the mam platform of the Samadhi, m 
up of black marble and bearing last words 
<He Ram’ uttered bythe Father « the Nation 
The stairs from the entrances to the gates 
are bounded by hedges (bemmg 

violet flowers) and Hypericum. The mai 
attraction in the Hypericum these days is 
provided through its lush green leaves which 
Lpart an extremely soothing ^ 

tired eyes. It is mainly because this ^ 
that it has been planted so heavily at the 
edges of the raised platform, towards the 
lo^er rectangle. Interm.zed occur me^^- 
-sized shrubs of BougamyiUea spectablis 
bearine flowers of different shades. 

From the point of view of the ornamen^ 
plants, the main centres of attraction are tl^e 
Lely arranged beds alround. Among Ae 
important plants which can be seen in flower- 
Tthese Lys are the variously coloured 
Kellees (Canna indica) Sunflower or Suraju 
mukhi (Helianthus annuus) 

Jatropba panduraefoUa, Lantana ca 
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Mimacnda tulcolci, PIu)nhap:o tripMii.sox and 
Vwca roxa. The mediunt-si^ed irecs of 
iMgcrstroemia xpccioxa and Cassia siamca. 
live shfiibbcries of HaiucJia patens. Ifibt.scu.x 
ro.xa-smenxis, Lagcrsirocmia iiulica, 'rahcriwc- 
montamt tfiraricaia, and clinvbers svich as 
Gmeiina philippincimix. Pyroxtcgki venusto 
and Juki {Jasininwn anriculatiiin) are also 
in full bloom adding a magniricaiu charm 
to the environment. 

Flowers Round the 'Vear 

Earlier, ui the suramei months, in the 
blazing sun of Delhi, the plants that icach 
their climax of flowering are, Gulmohur 
(J)eloiiix ragia) Barbados' pride {Potnciana 
pulchevrimd), violet-flowered Jacaranda 
rniinosifolia and crimson-red Amaltas (Cassia 
fistula). Such other shrubs which can be 
seen to flower from mid-summer to the 
beginning of the rainy season are Bougainvillea 
spectabillis, Tacomana capotws and Buddlcja 
asiatica. Among the fruit trees mention 
may be made of Mango or Am (Mangifera 
ittdica), Teach or: Am (Prunus pcrsica), and 
Pomegranate or Anar (Punica granatum). 
Several majestically standing tall trees of 
Eucalyptus globulus, and Ficus religiosa, 
Mimusops elengi, Alpinia .xpeciosa and 
Magnolia grandiflora impart an attractive 
look to the scenery around the southern road. 

Kachnar (Bauhimapurpurea var. variegatd), 
a medium-sized tree with rose-coloured 
flowers reaches its zenith of flowering m 
■winter and adds much charm to the Samadhi. 
This season also displays matchless flowers 
on the ‘tree of sorrow’ or Hai'singar (Nyctan- 
thes arbortristis). Its creamy white flowers 
■with orange shade on their corollas, open 
late in the evening, scent the night air with 
fragrance, and drop off early next morning. 
The other plants flowering during 'winter 
montbs include Acacia auriculiformis, Dom- 
beya cayeuxii, D natalensis, Eranihemum 


nervosux, and Ja.sminuni niultiflonan. 

•Spring brings along with it a peerless 
majesty of vegetation to the Samadhi. Now 
flowers one of the loveliest trees, the Moun¬ 
tain Ebony or Kaehhnar (Baiibinia variegatta) 
a few Iree.s of wlvich have been planted at the 
lower edges of the raised platform. The trees 
of slvicld bear (Paltophorum pterocarpimi), 
.Small coral (Erythrina variegatd) also bear 
flowers dining this season. The greenish 
.scented inflorescences of Mangifera nidica 
drooping, boltle-briisli-like inflorescences of 
Callistcmon lanceolatus and Kusum (Schlei- 
chcra oleosa) with its conspicuously red 
foliage also impart their share to the magni- 
elicncc of Rajghat m spring. Madhavilata 
(llipiagc benghahmis) bearing wliite and 
yellow or light-mauve flowers and Sophora 
.sccundifoha with violet-blue flowers further 
add to the excellence of the shrubbery. 

Outside the Samadhi, on the loads are 
planted avenues of Eucalyptus globulus with 
their mild, warming, spicy odour, Chandelion 
trees (Kigclia pinnatd) and the dark green 
Pongamia pinnata posing a very attractive 
look. A few trees of Alstonia scholaris, 
Ternnnalia arjuna also decor the roads along 
with a row of Ficus lacor planted at the Bela 
Road near the front gate. The hedge around 
the garden mostly comprises Lagerstroemia 
indica, Plaeinataxylan canxpechianum,Prosopis 
juliflora and Tebernaemontana divaricate. A 
few trees of Merus alba also occur dispersed 
especially near the water coolers. In the 
fallow laud, between the Power House and 
the Rajghat one still finds a thick coverage of 
the Shisham (Ealbergia sissoo) trees. 

Although quite satisfactory, the layout 
and the upkeep of Rajghat leaves much to 
be desired. The foremost lapse on the part 
of the management is the absence of name 
plates (but for a few wrongly named plants), 
on the trees, shrubs and in the plots of the 
ornamentals The general public, and espe- 
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cially the foreign visitors lue always kept 
guessing about the nomenclature of tire 
vegetation. Selection of Haemaioxylon as 
a hedge plant is poor. Its thick, uncovered 
trunks at the basal regions gradually become 
sparse and unseemly. Many more scent 
emitting plants such as Ganlenict jaaminokles, 
Cestrum noclunnnn and Michelia ebampaka 


should lind a place A selection of climbing 
roses, jasmines, ipomoeas, antigonons and 
Qiasqualis indica coupled with a blend ol 
pBtrea volubilis. Thimbergm erecta and 
Duranta lepens (which flowers around mosi 
part of the year and is an excellent hedge 
plant) aie bound to add a definite charm tc 
the layout of the place. 
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■pLATSTS, like animals are living and 
^ dynamic entities. It performs all those 
vital activities which take place in an animal’s 
body. It feeds, digests, respire.?, excretes, res¬ 
ponds, reproduces and grows. In some way, 
it is more than that. No scientist in the 
world has so far been able to manufacture 
food in a test tube out of such inert raw 
materials as carbon dioxide and water. The 
plant is able to synthesize carbohydrates, 
proteins, fats and a host of other things 
in its body with the help of chlorophyll, 
carbon dioxide and water. A Higher 
Secondary School student cannot visualize 
that a^ plant performs such important vital 
activities unless he does experinaents with 
his own hands. Of late, it has been ad¬ 
vocated that the teaching of biology should 
be based on ‘Enquiry into Life’ principle. 
The present practice in our country is to give, 
at the most, a demonstration of plant phy¬ 
siology experiments to the students in the 
class. This practice is followed even in 
B.Sc. course. To my mind, it is so because 
the conventional apparatuses are costly 
and their setting up is a bit technical and time 


consuming. They are fragile too and are 
liable to break in the hands of unskilled 
hands. Considering these difficulties the 
present kit on plant physiology has been 
devised from the point of view of Higher 
•Secondary .School students With such a 
kit ill their hands and given proper instruc¬ 
tions by the teacher, students can themselves 
investigate the activities of plants. 

Special Features of the Kit 

!. Simple glass and plastic items like thistle 
funnel, U-tube, glass tubing, rubber 
corks, plastic cups, wire clamps and 
wooden stands have been used. 

2. Conventional experiments have been 
modified to suit the pieces of apparatus 
selected. 

3. Manipulation is easy and apparatuses 
handy. 

4. Mercury, being too costly these days, 
has been replaced by other fluids. Al¬ 
ternative experiments, avoiding the use 
of mercury and other costly chemicals, 
have been suggested. 

5. All the experiments given in the text 
have been tried in the laboratory and 
found successful. 

6. Details for doing the experiments have 
been laid down in the text. 

7. The box serves for storing apparatuses 
and for using it as a phototropic cham¬ 
ber. The cost of the Kit, including the 
container comes to bout Rs. 15.00. 

The Kit —It consists of the following 
items: 

T. Box made of wood^—dimensions— 
35x18x15 cm. 
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II. Glassware 


Items Number 

\, U-tubc—lieight 13.5 cm. 2 

2. Thistle funnd™Diam. 3 cm. 

Stem. 2 cm. 3 

3 . Glass tubing bent at right angles 2-3 

4. Glass tubing—length---! 8 cm 

bore—narrow 1 

5. (a) Test tube hard blass—-Diam. 2^ cm. 1 

(b) Test tube ordinary—Diam. cm. 2 

6 . Beaker 100 ml. 1 

7. Glass tubing open at both ends— 

Diam. 1 cm. 1 

Length 8 cm. 

8. Specimen tubes with corks 

Length 6 cm. 

Diam. 1 cm. 4 

9. (a) Glass plates—size: length 23 cm. 2 
(b) Watch glasses—breadth—12 cm 2 

10. Spirit lamp 1 


III. Other Materials 

11. Blocks of Wood —-1 cm. cubes— 

2 

12. Thick galvanised 30 cm. long 
iron wire and ring with clip 

13. Hollow bamboo piece— 

Length 6 cm. 

Diam. IJ cm. 

14. (a) Rubber corks with one hole —2 


(b) Rubber corks with 2 holes 2 

15. Dry egg membrane 1 

16. Cellophane covers—^red, blue 

and colourless: size 14 cmx 12 cm 1 each 

17. Polythene bag—size—13 cm X 8 cm 1 

18. Small plastic case—diam. 3 cm. 1 
to keep, egg membrane, cover slips 

etc. 

19. Forceps Ipr 

20 . Paper clip 2 

21. Rubber droppers 2 

22. Bomboo test tube stand 1 

23. Rubber sleeves 4 


/F. Chemicals 

Chemicals (Solutions to be prepared in bulk 
by the teacher and provided to students). 

Spirit, iodine solution, sodium hydroxide, 
manganese sulphate, sodium bicarbonate, 
lime water, yeast tablets or toddy, glucose, 
potassium hydroxide, pyrogallol, candle, 
chloroform calcium hypochlorite 5%etc. 

Enquiry 1—Transpiration in Plants 

Materials: 

Polythene bag—15 cm. /10 cm. 

U tube—1 

Rubber corks 

(No. 2) with one hole each—2 
Glass tubing bends — 2 
glass tubing 18 cm. long with, narrow 
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bore (about 3 mm. and 3 mm) 1 
Rubber sleeves — 2 
Plastic cup --1 

vSmall twig with tough and Icatliery 
leaves 

Chloroform 

Stand 

Beaker — 100 cc. - 1 
Watch glass — 1 

Experiment-1 Demonstration of Transpira¬ 
tion 

Remove a twig froju a plant having tough 
and leathery leaves and dip its end in water. 
Tie a polythene bag tightly round the apex 
so as to enclose a few leaves within it (Fig. 1). 
Examine after 1/2 hour, What do you notice 
inside the bag? Let the bag remain round the 
twig overnight. Collect the transpired water 
and measure it. Can yon gitess how much 
water a whole tree might transpire in a 
day? 


E\perinient-2 Transpiration Rate in Leaves; 
To set up a simple potometer 

Cut a twig having at least 2 dozen lough 
and li’tiihery leaves half an hour before the 
experiment and dip the stenr end in water. 
To each end of the 18 cm. glass tubing attach 
one bent glass tube by means of a rubber 
sleeve or joint. Insert the left hand bent tube 
in the bore of a rubber cork Fix up the 
twig tightly to the other cork and setup the 
apparatus as shown in the figure (fig. 2). 
ft is advisable to do the setting under water 
so that air does not put a hindrance in mak¬ 
ing the apparatus air-tight. If water stays in 
the tubing after the apparatus has been taken 
out of water, it is air-tight. If it leaks, the 
experiment has to be set again. Fix up the 
apparatus to a stand. Squeeze the rubber 
sleeve nearest tlie cork so that a drop of 
water comes out at the free end. Now 
slowly release the rubber sleeve till a bubble 
about 1 cm. iu length enteis the free end. 
Immediately dip the end in a pla.stic cup 
containing water. 



^Flg. 2 Potometeryineasurts transpiratton rate 
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After about 15 minutes observe the position 
of the bubble. Has it moved ahead? After 
it has reached the horizontal tube, mark its 
position and note how much time it takes to 
move 3 cm. Now put the fan on and note 
the time the bubble takes to move another 
3 cm. Does air speed up transpiration? By 
taking the twig of another plant, you can 
compare the rate of transpiration in the two 
plants. 

Experinient-3. Transpiration produces 
suction 

Fix a tightly fitting rubber tubing about 
2.5 cm in length to one end of the narrow bore 
glass tubing. Cut out a twig under water 
from a plant having leathery leaves half an 
hour before starting the experiment. Dip 
it in water to keep fresh. Fill water into the 
glass tubing from the end to which rubber 
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tube is attached. Press your finger at the 
other end and with the help of your class 
mate fit the twig tightly to the rubber 
tubing. See that the entire ariangement is 
air-tight. 

Fill chloroform to about 1/3 height in a 
100 ml. glass beaker Qwt plastic cup) and 
colour it with 4-5 drops of iodine. Chloro¬ 
form will be coloured beautiful crimson. 
Add water to the beaker so that it is about 
2/3 full. Now dip the free end of the glass 
tube to which the twig is attached into chloro¬ 
form and remove your finger when it touches 
the chloroform level. Fix the apparatus to 
a stand as shown in the diagram (Fig. 3). 

After about 20-25 minutes you will observe 
chloroform rising in the glass tubing. What 
causes suction of chloroform^ How will 
the rate of rise be affected if the apparatus 
is placed under a fan and in humid atmos¬ 
phere'* What factors control transpiration? 

you mil now realise that transpiration from 
leaves serves as an upper motor mechanism 
for sucking up water in the xylem vessels and 
maintaining a continuous stream of water 
from the root to the top. 

NOTE: This experiment is usually done 
with mercury. Mercury is a costly metal 
and every institution cannot afford to pur¬ 
chase it. Chloroform is heavier than water 
and is immiscible with it. It is a good substi¬ 
tute and admirably suitable for this experi¬ 
ment. The results are quicker than in mer¬ 
cury. Carbon tetrachloride can also be used 
m this experiment. 

Enquiry-2. Respiration in Plant Organs 
(Leaves, Petals, Buds, Tissues etc.) 

Material 

Rubber cork No. 6 (diara 3 cm.) I 
with 2 holes 

Rubber cork No. 6 (diam 3 cm.) with 2 
holes—1 
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Thistle funnel with 2 cm. stem - - I 
Glass ttibing, 12 cm. long- 1 
Dent glass tubnig- -2 
Fresh twig with leathery leaves 
Lime water 
Specimen lube 

Plastic basket or a small wire gau7C piece 
Soaked seeds, glucose solution 
Yeast tablets—4 or toddy 

Experimcnt-l: Air Enters Through Stomata 

LIP over a tube bent at right angles to 
the short stem of a thistle funnel by 
means of a rubber sleeve. Pack bits of cotton 
between the cork ami the petiole and apply a 
little melted wax, if necessary, to make it 

SUCK HERE 



Fig. 4 Air enters through stomata 


fully air-tight. A leaf having JistuJarpetiole 
or one with lo.s.tcly packed ti.wwe.y (Cuciir- 
bitaceac family), caster or colocasia isper- 
fcrable. Take some water in the 
thistle funnel and (U in the cork in the 
cup (Fig. 4). Now suck hard from the open 
end. Do you observe small bubbles of air 
coming out through the cut end of the 
petiole? Whence has the air come? Apply 
vaseline first on the upper surface and then 
on the lower surface of the leaf. Do bubbles 
come out of the petiole when you smear 
both the surfaces? Why’ 

Exporiment-2 To Demonstrate that Plant 
Organ.s Pespirc. 

Take a no. 6 rubber cork (diam. 3 cm.) 
having 2 holes. Insert the short stem of a 
plastic or glass thistle funnel into one of the 
holes from above and a glass ttibing about 
12 cm. long from below. To the other hole 



U'ef c<j//'o/7 

Fig. 5 Leaves take w oxygen and give out caibon 
dioxide. 

fix Up a glass tube bent at right angles. With 
the help of a rubber joint connect it to another 
tube bent at tight angles but having one arm 
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nuicli longer tlian llie ollici as shown in the 
diagram (Fig 5). 

Place 1/2 (.lo/eiT leaves Itasing a linear 
sinictiiio and leathery text arc nUo a 
boiling tube. Pul in a small piece of wet 
cotton or a little water at the bottom of the 
tube to keep the loaves fre.sh. Fit in the 
2-hole cork to the tube Dip the free end 
of the delivery tube in a small specimen 
tube containing a little lime water. Place 
the apparatus in dark or slip over a black 
cloth over the tube Let it icmaiit undis¬ 
turbed. for an Itotir. Now pour water into 
the thistle funnel. You will notice bubbling 
111 the specimen tube, Observe the colour 
of the lime water, ft has turned milky. Why'’ 
What result do you expect if the apparatus is 
not covered with a black oloth? Why does 
a nurse remove flower pots in the night front 
the room of a patient? Why do Ashes sur¬ 
round vegetation in shallow water in the 
day time? Use this very apparatus for 
demonstrating respiration in germinating 
seeds, coloured flower buds, petals, tissues of 
potato, apple etc. The apparatus need not 
be kept in the dark, Why? 

Expetiinent-3: Anaerobic Respiration in 
Germinating Seeds. 

Usually this experiment is done with mer¬ 
cury which being too costly these days is 
usually not available in all the Higher Secon¬ 
dary School laboratories. An alternative expe¬ 
riment has been devised and it works very well. 

Use the same apparatus as m the above 
experiment. Take about 10 ml, of concen- 
tiated alkaline pyrogallol in the boiling tube 
and lower a wire basket containing 10 soaked 
pea seeds into the tube quarter way down 
and close the tube with a rubber cork to 
which thistle fuimel and delivery tube is 
attached (Fig, 6). Dip the lower end of the 
delivery tube in a specimen tube containing 



meli water. Next day pour water gradually 
into the thistle funnel The displaced gas 
will bubble through lime water and turn 
it milky. Alkaline pyrogallol absorbs oxygen 
inside the closed space of the lube and res- 
piratoii 111 seeds proceeds on anaerobically 
To obtain quicker results dip the end of the 
delivery tube in 1% potassium hydroxide 
solution. Examine after 2 hours. You will 
find that potassium hydroxide rises m the 
tube to about 2 cm. or so. 

Place the apparatus at a safe place and 
examine after a week. Have the seeds germi¬ 
nated? This experiment also proves that 
oxygen is essential for germination. 

Experiment-4. To Demonstrate Fermentation 

Take about 10 ml. of 50% glucose solu¬ 
tion and mix with it 10 ml. of concentrated 
toddy (Tan) or 2-4 yeast tablets. Pour the 
above mixture into the boiling tube and fit 
up the apparatus as above. After one hour 
pour water into the thistle funnel and observe 
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the colour of the lime water in the specimen 
tube (Fig. 7). It turns milky. What causes 
the evolution of carbon dioxide from glucose? 
The following equation explains the reaction. 

CbHjsOo C 2 H 5 OH -f- 2 COa + Energy 

Open the cork next day and smell. Do 
you feel the smell of ethyl alcohol? 

Enquiry-3 

Materials 

Boiling tube-1 
Test tube-1 
Watch glass-1 

Plastic cups-3, Specimen Uibes-3, 
Cellophane Covers— 

Red, Blue, and White 
Tiunblers-2, glass plate-2. 

Droppers-2. 

Sodium bicarbonate, Spirit, Iodine 
Solution, Fresh potato or brinjal 
leaves. 


Manganese .sulphate, Sodium hydro¬ 
xide, Clialk stick, IfydriUa twigs. 

Fill 1 '3 of boiling tube with water and 
place within it a lest tube containing about 
15 nal. of rectified spirit. Dip a small 
potato or brinjal leaf plucked at least 4 
hours after suurisc into the spirit. Fit the 
boiling tube to a stand and boil the water 
(Fig. 8 ). In about 30 minutes, the leaf will 



fi'S. 8 Leaves manufacture starch 

be completely decolorised. Take out the 
leaf and dip in boiling water to soften it. 
Now wash It well and spread over a watch 
glass, put in 3—4 drops of Iodine Solution 
and watch the result. Does the leaf turn 
blue? Why? It shows the presence of starch 
in the leaves. 

Repeat the experiment with a plant 
which has been destarched by keeping it in 
dark for 24 hours. Does it give the starch 
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test with iodine? It conchisively proves 
that starch is raanufacliircd in green leaves 
in the presence of light. 

Experiment-2: Carlion Dioxide is Essential 
for Starch Formation 

Deslarch the leaves of a plant by keeping 
it in dark for 2 days. Pluck 2 leaves and 
dip the petioles m a small beaker containing 
water. Place the beaker on a glass plate. 
Light a candle and cover the beaker and 



fill a plastic cup with tap water and dis¬ 
solve 2 gm. of sodium bicarbonate into it. 
Fill up the cup to the brim. Insert the cut 
ends of the Hydrilla twins into the stem of the 
thistle funnel and place it mouth dowwards 
into the cup. See that the twins are comple 
tely enclosed in the cup of the thistle funnel, 
Insert a lubbcr cork into the upper end of 
tube. Fill it with tap water and putting your 
finger tip at the open end, insert it on to the 
stem of the thistle funnel (Fig. 10) Place 



Fig 9 Carbon clmxide is essential fev staich fonnation 


the candle with a large tumbler (Fig. 9)- The 
candle will be extinguished and the air 
inside will be charged with carbon dioxide. 
Apply vesaline round the rim of the tumbler. 

Set up a control experiment side by side. 
Do not light a candle here but place a 
little potassium hydroxide sohition so that 
the air inside is deprived of carbon dioxide. 
Let the apparatus remain in diffused light 
for 2 hours. Decolorize the leaves and test 
for starch. You will find that the leaves in. 
the control experiment are not stained 
blue with iodine whereas in the other case 
they get stained. 

Experiinent-3 : Oxygen is given out during 
Photosynthesis 

Select 2 fresh twins of Hydrilla plant 
and cut out 6 cm. pieces from the top. Half 
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Fig. 10 Oxygen is given out during photosynthesis. 
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the apparatus iiv bnglil simliglit. You will 
notice small bubbles coming out of tlie plant 
and collecting in the tube. Let the appara¬ 
tus remain in bright sunlight for 2 hours. By 
tlus time the tube may be half filled with 
gas. Open the coik and introduce a thin 
burning straw into the tube. The straw 
begins to glow brightly, What gas is it'* 

Experimcnt-4: Oxygen is given out during 
photosynthesis ('Chemical Method) 

It is a chemical jncthod of proving that 
oxygen is given out during photosynthesis. 
In this experiment I'esults are obtained 
within half an hour. 

Fill 3 specimen tube.s with tap watci. 
Cut 4 twig.s of Tlyikilla plant from the tip 
and place I each in two of the tubes. Don’t 
place twing m the 3rd lube. Put the 1st 
tube in sun, the 2 ivd in dark and the 3 id any 
where in the lab. ('Fig. 11 ), After half an 



Fig. II Oxygen ix given out during photoxynthesis 
(.chemical method). 

Jioui remove the twigs from the tubes and 
pour in 3 drops of concentrated solution of 
manganese sulphate and sodium hydroxide 
turn by turn in each of the three tubes. Use 
separate droppers for each of the solution. 
You will notice; 


1. A brown precipitate in the tube placed in 
sun. 

2 . A white piecipitate in llie lube placed 
in dark 

3. A very light brownish colour in the tube 
without plant. 

The following equation represents the 
chenucal reaction taking place 

1. 2MnSO,,-r4NaOH 2MnCOFI)o+2Na2So4 

2. 2Mn(OH)a+Oi. 2Mn02+2H20 

In the 2nd and 3rd lube manganese 
hydroxide is formed which has got a flesh 
colour. 'When manganese hydroxide reacts 
with oxygen liberated as a result of photo- 
syntlicsis, manganese dioxide is formed and 
the prccipilale gets darkei brown. 

Kxperimeiit-5: Maximum Photosynthesis 

takes places in blue and red light. 

Prom fresh Hydrilla plants, cut a dozen 
6 cm. twigs from the top and select out 8 
pieces having approximately the same num¬ 
ber of leaves. Take 500 ml. of tap water in a 
breaker and dissolve 10 gm. of sodium bi¬ 
carbonate in it. Fill up 3 plastic cups to the 
brim with the solution. Insert 2twigs into the 
stem of each of the four funnels and set up 
three such apparatuses as in the previous 
enquiry. Cover them with red, blue and 
while cellophane covers and place them in 
bright sunlight (Fig. 12) Let the apparatuses 
remain in sunlight for 2 hours. Measure the 
height of the tube to which oxygen has collec¬ 
ted in each of the tubes. 'You will notice 
that maximum quantity of oxygen lias collec¬ 
ted m red light and second maximum is in 
blue light. 

Experimenl-6: To separate different pigments 
in Chlorophyll by simple Chromatography 

Chromatography means “colour writing” 
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Fig. u Ma.xiiiuwi phoiotyniheais takes place m blue and rec 


By tMs technique the components of chloro- 
Xll i.e. oWoiophyll a and b, carottns and 
xanthophyll can be separated. , 

You have already extracted ohlo p y 
in citneriment no. 1. Pour it in a watch glass 
ITlt it .emam as such for a fsw miaulas so 
Z, a part ot the soivcal 

and the extract becomes concentrated. 





• rhalk in the centre of the watch 

a piece of chalK in rhalk piece 

1 . cPitT 133 Examine the cnaiis. y 

glass (Fig. 131. y see 3-4 bands- 

after 15 minutes You na y , ^ a 

lv,o green 

and, if you are a t g these 

it is xanthophyll. ^^.^ated by an 

substances m solnUo ptuary action. 

SS" „craa« 

itaaJS’VaS “ belgbia oa 

experiment 

Enquiry-4: Osmosis 

utub'etTbitUa f«na«l. 

Sg'S^btaal 

isr-r orbai? — 

or potato disc 

■ »nt 1 • To Demonstrate Osmosis 
Experiment—1. lo „„ u- set 

The experiment on osmosis c 
« xip with U tube. 
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fig, 14 Dcmomdadon nj Osmom hv egg mend 
branc 

Soak a dried egg membrane iit water for 
1/2 hour and tie it securely to one of the 
open ends of the U tube. Fill in about lOcc. 
of 10% sugar solution from the other end 
and tilt it a little so that the solution 
comes to occupy the membrane side. Dip 


the membrane end in tap water contained 
in a plastic cup. (Fig. 14) Clamp the 
U tube to a stand. Mark the level of 
.sugar solution in the arm of the (J tube. 
Observe after 2 hours. You will notice a 
rise of about 3-4 mm. Why does the level 
rise up? The egg membrane serves as a 
scmipermeablc membrane. The concentra¬ 
tion of water molecules outside the mem¬ 
brane is higher (100%) than the concentra¬ 
tion of water molecules inside (90%). Since 
diffusion of molecules takes place from a 
region of higher concentration to a region of 
lower concentration, therefore water from 
outside diffuses towards the sugar solution 
through the scmipcrmcable egg membrane. 
This process is known as osmosis. Leave 
the apparatus overnight and observe the 
level of water next day. You will find appre¬ 
ciable rise, 

Tltc principle of osmosis should be very 
clearly understood at the high school stage. 
All the nutritional processes in living beings— 
plants and animals—depend upon diffusion 
through a semipcrnieable membrane which 
has been aptly called “the Guardian of Life.” 

An alternative experiment can be per- 



Ftg. 15 Demonstration of Osmosis with plant tissues. 
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formed with a thistle funnel and a potato 
disc or onion mcinbi'ane as indicated below. 

Experiment-2. Demonstration of Osmosis 
with plant tissues 

Set up the experiment as shown in the 
diagram (Fig. 15). Insert a rubber cork 
through one end of a tube bent at right 
angles. Let about I 1 /2 cm. of the tube end 
project beyond the cork. Cutout a potato 
disc. 1 cm. thick and having the same dia¬ 
meter. Bore a hole 3/4 cm. deep tn the potato 
disc with a cork borer and fit it at the end 
of the test tube. Fill the tube with water and 
the funnel with 10% sugar solution. Fit 
the cork tightly in the thistle funnel, Mark 
the level of fluids in the bent tubes. Rest 
the apparatus against a support. Note the 
level after half an hour. You may notice a 
rise in the level of sugar solution. Why ? 

Instead of potato disc., membranous 
peelings from the fleshy leaves of onion can 
be tied to the tube end with thread 

Enquiry-5: Germination Studies 

Materials 

Glass plates 25;<12 cm —2 
Blotting paper 25x12 era—1 
Soaked seeds of bean, maize and pea, 
Enamel tray or a pad of cotton, stand, 
Pyrogalhc acid, sodium hydroxide, U 
tube, rubber corks. 

Experiment-1: Comparative Study of 

Germination in Seeds 

Soak 3-4 varieties of seeds overnight and 
then wash them thoroughly in 5% calcium 
hypochlorite solution. Have a glass plate 
23x14 cm. and spread over it a thick 
piece of blotting paper of the same size. Wet 
the blotting paper and arrange seeds of pea, 
maize and bean as shown in the diagram 
(Fig. 16). The seeds may be placed in different 
positions, i.e., vertically, horizontally and 


upside down. Cover the seeds with another 
glass plate of the same size and tie the2 plates 
together at 2-3 places with rubber band or 
strong thread. Put the tied-up glass plates in a 
tray filled upto 1 /3 with water or on a thick 
piece of wet cotton padding. This arrange¬ 
ment will allow the seeds to have a conti- 



Fig. 16 Comparative study of geimmation in seeds, 

nuous supply of water by capillary action, 
Put the apparatus in a corner and watch the 
stages of germination in different seeds at 
interval. Actual sketches may be drawn 
by the students. They may also note that 
in whatever position the seeds may be placed, 
the radicle always goes downwards and the 
plumule upwards, even if they have to take 
a turn of 180°. 

Experiment-2: Oxygen is essential for the 
Germination of Seeds. 

Place a little wet cotton on a rubber 
cork and insert it at one of the open ends 
of the U tube, Introduce about a dozen 
soaked seeds (which have been previously 
washed in 5% calcium hypochlorite solution) 
into the U tube from the other end. Take 
about 20 ml. of alkaline pyrogallol in a 
specimen tube or small beaker and dip the 
open end of the U tube in it (Fig. 17). In 
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ELbout 2 hours Imic the pyragallol solution 
will rise into tlie U tube and 1111 up 1/5 of its 
length. Alkaline pyrogallol absorbs oxygen 
from the enclosed space. Set up a control 
experiment alongside, 



FIff. 17 O^ygaii m emmnal Jot the /’eimination ol 
heeds. 

Examine the apparatus after 3-4 days. 
Which of the two experiments show germi¬ 
nation of seeds? Why do the seeds in the 
alkaline pyrogallol tube don't show the 
least sign of germination? What gas is 
essential for germination? Why do seeds 
fail to germinate if planted too deep in soiP 
Wliy does a farmer plough hvs fields and 
make the soil loose before sowing seeds? 
Will seeds germinate in hard and compact 
soil? 

Experiment- 3: onc-fifth of air is used up in 
breathing. Further growth of seedling stop 
when oxygen gets exhausted. 

Set up the experiment as before. Place 
the free end of the U tube in potassium 
hydroxide solution instead of alkaline pyro- 
galtol and place the apparatus at one side 
in the laboratory (Fig. 18) Observe after 


IlECLMnuR 19(59 

3-4 days You will find that the seeds have 
germinated and Inne given forth radicles 
and plumules. Why has potassium hydro¬ 
xide solution gone up the tube? What length 
of tube docs it occupy? Observe the appara¬ 



tus again after a week. Have the seedlings 
grown furtlicr? Why? This simple experiment 
shows that. 

1 One-fifth of the air is used up in breath¬ 
ing by seeds. 

2. Seeds need oxygen to germinate but as 
soon as oxygen gets exhausted further 
growth of seedlings stop. 

3. Carbon dioxide is given out as a result 
of respiration. It is absorbed by potas¬ 
sium hydroxide and the level in the U 
tube rises to approximately 1/5 of the 
total length of the U tube. In case pyro¬ 
gallol IS not available an alternative 
experiment can be done as follows; 

Onto a glass plate place a wad of wet 
cotton and a 1 cm. piece of candle. Put 
5 soaked wheat, barley or mustard seeds 
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fifj, I'J Seecii germinate m the presence of Oxygen. 


(quickly gerimmuiug seeds should be selec¬ 
ted) on the wet co lion Pour a little l u 
slum hydroxide solution m small plastm 
container and place it alongside ( ug. ) 
Light the candle and cover it with a big 
size tumbler whose rim has been vs.belme • 
Apply extra vaseline round the rim so that 
there is no possibility of the an' getting in¬ 
side. As soon as oxygen in the enclose 
air IS exhausted, the candle will extin¬ 
guished. Carbon dioxide given out 1^ th 
burning candle will be absorbed by KUJn. 
The seeds are thus surrounded by oxygen- ee 

atmosphere. • 

Set up a control expeiunent along side m 
which the candle has not been lighten. 
Examine the seeds after 4-5 days. Whicli 
seeds show germination^ The obvious con¬ 
clusion is that oxygen is necessary for germi¬ 
nation . 

Enquiry-6: Plant Movements: Tropisms 

Materials 

Photo tropic chamber (the box of le 

Kit). A few seedlings in plastic cup, 

Wick; Plastic cup; Stand. 

Experiment-1: To demonstrate Phototropism 

Plant 1 /2 dozen seedlings of pea or gram 


in a plastic cup and place it m the con¬ 
tainer of the kit which selves as a photo 
tropic chamber. Close the lid 
the shutter fixed in front of the box. Observe 
after 3-4 days, If you allow the ts to 
remain in the box for a week, V™ 
that the growing stems come f 

ture showing that .sterns are positively photo 

graphic 

Experiment-2: Gcotropic Response 

Set apart the two pieces of to hollow 
bamboo provided m the kit. Put a took 
wick on one of the pieces and 
small pea, or bean seedling on to wick. 

L. on. oC tte t™ of 

water as shown in to ( g ) 

Put the upper half of to bamboo pie^e “ 

1 aiifl slm over a rubber band to h 
place and slip apparatus 

the two pieces together, fix r 
to a staL. After 3-4 days you willjmd 
lhat to root and to stem come out of the 
open ends of the bamboo and ^ ^ 
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slips, needles, injection pliials, containing 
iodine, glycovinc and safranin, it can be 
converted into a complete Biology Kit. In 
those labs, where the working tablc.s are 
without cupboards, the students can keep 
their dissecting sets and other sundries in 
the box, lock it and pile up in a corner. 


Introducing Structures of Siih- 
stunce in the First-stage course 
of Physics in Schools 

A.A. TamaRIn, Unesco Expert 
K.J. Khurana, 
Department of Science Education, 

NCERT 

An experiment (o introduce, at an early stage, the 
elements of structure of substances was taken up 
with a view to explore the possibility of (caching 
Physics In (he upper primary cla,sscs. Such an 
approach was aimed at imparting to the pupils 
motlorn undertakings of the bnsic propcrtie.s of 
solids and fluids, pressure in fluids, and its trans¬ 
mission, some elements of the tltermal plienomcna, 
etc. 

AN expertiiienlal science Project for im- 
provemeiit of Science Teaching was 
launched by the Department of Science 


Education of the n.(0.e,ii,.t. at the fiist 
instance during the school session 1965-66 
ill 12 schools of Delhi. On the basis of 
short study made, the project was extended 
to cover 30 schools in the next school session. 
The schools were provided with experimental 
text-materials, guidance materials, and the 
teachers wore involved in niservice training. 
Difficulties of the teachers and the taught 
were studied and practical solutions were 
sought. Undei this project, science is to- 
be taught as separate disciplines and the 
teacher in mathematics is expected to teach 
physics, and another in biology and chemis¬ 
try. 

It was observed that the course developed 
earlier had scope for improvement. In the 
biology course some of the terms such as 
‘temperature’ appeared at the very beginning 
and the pupils were not explained concepts 
of such terms either in the biology classes, 
oi m the physics classes during the first year 
of the course. Moreover the experimental 
course in physics was more or less descrip¬ 
tive throughout the firstyear and did not em¬ 
phasise on the understanding, of the various 
phenomena of physics included in the sylla¬ 
bus on the basis of modern concepts. In some 
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form or the other elements of the molecular 
structure of substances were dealt only 
towards the end of the first year and were 
not used for explaining the phenomena 
coveted earlier. Whereas in the course of 
biology “structure of the cell’’ aiJpeared at 
quite an early stage and this encouraged for 
bringing elements of the structure of subs¬ 
tances at an early stage in the course of 
physics also. 

Such a study of elementary molecular 
structure of substances has been introduced 
with a view to: 

i) imparl a better understanding of 
physical phenomena included m the 
course of physics for the upper pri¬ 
mary classes, 

ii) to provide basis for the logical deve¬ 
lopment of the course, 

iii) pave the way for a sound tinder- 
standing of the structure of substances 
and to help the pupils to form an 
idea about the matter, field and 
energy. 

tv) provide a background for the proper 
study of the course of physics, biology 
and chemistry during the First and 
Second stages. 

On the strength of encouraging results, 
and in consonance with the recommenda¬ 
tions of the Education Commission for 
introducing discipline approach in science, 
an attempt was made to develop learning 
materials for teaching physics to class V 
students in one of the experimental schools. 
The experiment was conducted during the 
school session 1968-69, both by the school 
teachers and the authors in two separate 
sections of class V. Before introducing the 
topics “Structure of substances” and “some 
properties of solids and fluids” the following 
topics were covered: 


1. Introduction to physics, 

2. measurement of length, area and 

volume, 

3. force (including weight) and its 

measurement, thrust and pressure. 

A summary of the scheme of the elements 
of the naolecular structure of substances in¬ 
cluded in the first-stage of the physics course, 
spread over a period of three years of school 
education, is given below: 

FIRST YEAR 

1. Idea of molecule, its size and number in 
a drop of water. Concept of molecule 
(tiny ball as a first approximation). 

2. Interaction of molecules and a general 
idea about their arrangement in sub¬ 
stances. Mental model of interaction, 
forces of repulsion and attraction. 

3. Spacing of molecules in solids and gases, 

4. Temperature and molecular motion. Ex¬ 
periments confirming molecular motion. 
Idea about the connection between 
rapidity of molecular motion and tem¬ 
perature. 

5. Thermal expansion and its simple expla¬ 
nation by the increased spacing between 
molecules due to more rapid motion 

6. Mutual mobility of molecules in subs¬ 
tances. Molecular model of elasticity 
and plasticity. Fluidity of liquid 
Compressibility of gases. Molecular 
model of gas pressure. Pascal’s law as 
a result of mutal mobility of molecules 
in liquids and gases. 

7. Molecules and the gravitational field. 
Explanation of the existence of atmos¬ 
phere on the basis of escape velocity. 

SECOND YEAR 

1. Kinetic energy of a single molecule, 
Potential energy of molecules. Idea 
about internal thermal energy and its 
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coiiuccUoii wilh tempei'iiUii'c of a suhs- 
lance. 

2, Change of internal energy. Molcculai 
model of thermal conduction. Mole¬ 
cular model of transfer of mechanical In 
thermal energy. 

3. Idea about molecular structure of solids, 
liquids and gases 

Crystalline and amorphous substances. 
Rearrangement of molecules because of 
melting and crystallisation of substances. 
Molecular model of evaporation, Action 
of molecular forces of attraction on 
molecules from a liquid. 

Change in poLenttal energy as a result of 
transition from one state to another 
(due to change m spacing between 
molecules') 

THIRD YEAR 

1. Structure of atom. Stmple nucleai 
model and nattire of I'orces between 
electron, and nucleus. Free electrons in 
metals. 

2. Structure of luicleus. Idea about proton 
and neutron. Elementary ideas about 
composition of nucleus, and nuclear 
reactions. 

The school in which this experiment was 
tried is an experimental school, Because of 
the special environment, any school in Delhi 
may not be taken to represent the typical 
Indian school. Nevertheless, we may sup¬ 
pose that ptipils arc more or less the same 
all over the country, as far as their Icai ning 
experiences are concerned, Both the sections 
of the class had co-education and their 
average age at the start of the school session 
was nearly 11 years. 

The teaching method followed was that of 
teacher demonstrations involving frequent 
teacher-pupil participation leading to dis¬ 
cussions resulting in logical conclusions. 
The conclusions were mainly drawn on the 


basis of obserialions and the data collected 
by the pupils dining the dcmoiislrations. A 
bold ailcmpt was made to bring in analogies 
and menial models wherevci required to 
imparl some information oi a concept in 
simple popular way. Some interesting pupil 
activities, both in the form of shoiL activities 
and pupil experiments were introduced with 
a view to pros'ide the pupils with individual 
Iftiiining experiences. The evaluation was 
made mainly in ihe form of day-to-day oral 
qiinstions supported by shoit wiitten tests. 

The learning materials distributed amon¬ 
gst the pupils were well-illustrated for the 
ideas coveiecl. Presentation of the content 
was made in a popular language of physics, 
avoiding technical terms as far as pos¬ 
sible. The aim was not to introduce the 
ilclLiiitioms of the technical terms, but to 
encourage the pupils to form a mental pic¬ 
ture with the help of words and the ilkistra- 
tions. Although presentation of the materials 
was at the level of average pupils, addi¬ 
tional information was provided m the form 
of w'cll-planned illustrations, captions to 
illustrations, footnotes, thought provoking 
problems besides various suggested simple 
pupil activities catering to the needs of the 
above average students. The aim of distri- 



Figuie 1. Study about structure of substances Ihiough 
simpfe experiments Some maibles m a hay oie 
used to give idea about the arrangement of ^particle’ 
and Intel moleciiiai space in the different states of a 
substance. 
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buting the learning materials was mainly to 
create an interest amongst the pupils for the 
course and to gel their reactions to the presen¬ 
tation and language aspects. 



(in) 

Ffgm e 2. (i), (n), & (in) Simple mechanical model to 
explain the elastic and plastic deformations of a 
substance on the basts of the particle model Two 
I ows of'particles’ are arranged in the tray. The upper 
row IS disturbed by force which allows ‘the particles’ 
to regain their oi iginal shape when removed as m 
case of elastic defoi mation Fig 2(ii) A strongei 
force disturb s ‘the particles to change their neigh¬ 
bours from the lower row as in case of plastic defor¬ 
mation Fig 2 (lit). 


Item of equipment available in the middle 
school and common materials easily evaila- 
blc in the maiket weie used to organise the 
demonstration experiments and pupil 
activities m the class, Analysis of the learn¬ 
ing materials and the evaluation-record of 
the pupils, understandings about the con¬ 
cepts presented in the form of demonstration 
and developed through teacher pupil dis¬ 
cussion, and of the pupil activities have 
enabled the authors to diaw the following 
broad conclusions and make general 
observations ; 

1. The background knowledge mentioned 
above was sufficient to enable the ave¬ 
rage pupils to take interest in the study 
of the elements of the structiue of 
substances The aveiage pupils were 
able to participate in the discussions that 
followed the demonstrations. How¬ 
ever, it was observed that discussions, 
at times, had to be initiated with the 
help of bright pupils. The planned dis¬ 
cussions yielded logical conclusions 
drawn hy pupils with teacher’s guidance. 

2. Some modifications need be made in the 
course of general-science for the lower 
primary classes to strengthen the related 
topics. 

3. Pupils showed a good deal of interest m 
the pupil activities and were able to 
co-relate the activities with the concepts 
of the topics covered in the class. The 
pupil experiments could be easily orga¬ 
nised by grouping pupils in batches of 
two each. 

4 Pupils’ concepts about 'temperature' and 
‘pressure', ‘plasticits of solids', and ‘mobi- 
hty of fluids’ etc. formed during the 
experiment were found to be scienti¬ 
fically sound. 

5. Study of these topics helped the pupils 
to show better response in the couise of 
Biology and Chemistry. 
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6. Need was felt for taking help of film 
strips on titles like moJccuJar structure 
of substances for providing sonte addi¬ 
tional ideas to the pupils. Suitable 
films/filmstnps on titles related to mole¬ 
cular structure of substances need be 
produced for this stage. 


7. Some of the pupils showed interest in 
further study of the 'molecular structure 
of substances' and their properties. 
Suitable Supplementary Readers for 
the age group 11 to 13 years need be 
prepared for this purpose, 



from soil into protein; animals eat plants 
and make different proteins mankind eats 
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Nitrogen Fixation 

John Postgatb, 
Professor of Microbiology, 
Univeisity of Sussex 


Nitrogen fixation a itiangely archaic name jor 
one of the growing points oj science A process on the 
boiclerlines of biology and chemist!y which has been 
known for well ovei a century bur which has only begun 
to be understood in biochemical detail dining the past 
ten yeai s 


r¥nO “fix” niti'ogen is to convert nitrogen 
gas (Ng) into a combined form, solid, 
liquid or gaseous. Though the phrase can 
apply to chemical methods of making nitro¬ 
genous compounds from atmospheric Ng, it 
usually implies a process whereby microbes 
in soil, sometimes in association with plants, 
convert Ng from the Earth’s atmosphere into 
a form which plants can use for growth. 
Such biological nitrogen fixation is an impor¬ 
tant part of the nitrogen cycle, familar to 
every school child who has “done” Biology. 
This cycle, illustrated in Figure 1, is a forma¬ 
lization of the way in which the element 
nitrogen (N) undergoes cyclical chemical 
transformations brought about by living 
things. Plants build nitrates (NOg-ions) 

Reprinted from SPECTRUM 68, 1970 with per¬ 
mission. 


Nitrogen lixation 


Plant, animal ni'P 
and microbial 
proteins nt 



Ammonia 


(MH,) 


Nitrogen 



Nitrales 

(N0;i 


m,p 


Nitrites 

iNorr 


m p 


Figine I The diagiain illustiates the major transfoi- 
niations iindeigone by the element ititiogen (N) through 
biological action, m indicates a change brought about 
by microbes, p changes biought about by plants, m+p 

indicates a .symbiotic combination of both 


both, but death and excretory processes 
ultimately pass the nitrogen over to microbes 
Some of these release it as ammonia (NHg), 
others as Ng gas. Though plants can assi¬ 
milate ammonia, they prefer nitrates and 
soil bacteria exist which oxidize NHb to 
nitrates by way of nitrites (NOg-ions); some 
non-biological loss of nitrogen to the atmos¬ 
phere occurs when nitrates and ammonia 
react in soil to form Ng and water. The 
processes described so far lead to a net loss 
of N to the atmosphere and, if they were all 
that took place, all the biological K on* this 
planet would by now be in the air as Ng (and 
you and I gentle reader, would not be here) 
The agents responsible for reversing this 
loss are the nitrogen-fixmg microbes, a hetero¬ 
geneous group of bacteria and primitive algae 
which have little in common except the 
ability to bring Ng back into chemical 
combination—to “fix” it. 

The table illustrates the classes of nitro¬ 
gen-fixing microbes. First come the free- 
living organisms found m soils; among these 
Azotobacter and its relatives, the blue-green 
algae and a very few species of Mycobacte¬ 
rium are the only representatives of aerobic 
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(air-breathing) microbes. The rest are cilher 
obligate anaerbcs (microbes •which grow and 
fix N<i only ■where oxygen is absent) or facul¬ 
tative anaerbcs (which can grow with or 
without oxygen but which fix N^. when only 
oxygen is absent). Secondly come the .sym¬ 
biotic microbes, those which live in associa¬ 
tion with a plant. A relatively casual asso¬ 
ciation with a plant. A relatively casual 
association of a Na-fixmg bluc-grecn algae 
with a fungus occurs in the lichens, enabling 
them to grow in such inliospitable environ¬ 
ments as the roofs of houses. In the leaf 
nodule .systems, certain species of klcbsiclla 
a bacterium, grow m nodules on the leaves 
of tropical phinls such as Psychotiia and fix 
nitrogen Iheie; how much this helps the plant 



Azotabacler chroococcum, a fies-livmg, nitrogen- 
filing, soil hacierinm. Phase contrast, X753 


is not yet clear. The symbiosis in legumi¬ 
nous plants (such as lupins, clover, beans) is 
obligatory: legume roots become infected 
With bacteria called Rhizohiwn, which col¬ 
lect in nodules on the roots Here is fixed; 
despite many efforts, no-one has succeeded 
in causing Rhizobium to fix Na outside the 
plant (nor the plant to fix without Rhtzo- 
bimn). The non-leguminous associations 
] are even more obligatory; so far no one has 
clearly identified the organisms responsible 


for fixation by the alder tree, bog myrtle 
and upwards of 120 other species of non- 
leguminous plants. But there is no doubt 
that microbes are involved and that nodules 
must be formed for to be fixed. 

Biological nitrogen fixation is still the 
rate-determining step in food production in 
most parts of the planet. Except in highly 
industrialized countries, where artificial nitro¬ 
genous fertilizers are Widely used, the rate at 
which symbiotic plants and free-living micro¬ 
bes return N to the soil determines the soil’s 
productivity. On a global scale, something 
like 109 tons of No are fixed annually by 
microbes. Mankind’s factory-made ferti¬ 
lizers trap a little No and so do chemical 
fixation piocesses (lightning generates oxides 
of nitrogen, so does the internal combus¬ 
tion engine, and rain washes these into the 
soil as nitrates); but taken together they 
account only for 1 or 2 per cent of the total 
No fixed. 

Nitrogen fixation is clearly of enormous 
economic importance, but its scientific in¬ 
terest extends beyond that. In the labora¬ 
tory, Na is very unreactive. It takes harsh 
reagents such as red hot magnesium or an 
electric discharge to “break into” the Nj 
molecule. How then, do these microbes, 
at soil temperatures and acidities,always 
in water, sometimes m the presence of air, 
cause Na to react chemically? We still do 
not know, but we are learning and, in the 
process, a new technique of enzymology has 
developed and a whole new class of transition 
metal complexes’" has been discovered. 

In 1960 a group of workers from the 
Central Research Laboratories of Dupont de 
Nemours (USA) obtained the first enzyme 
preparation able to fix Nu in the test tube It 
was an extract of the anaerobic bacterium 
ClositicHum pasteurtatmm which, when pro- 


* Elements such as iron, cobalt and nickel 
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vided with sodium pyruvate, converted No 
to NH;j. The exliacLs were mactivated by 
the oxygett of air and, to study them, tech¬ 
niques for concentrating, purifying and 
geneially handling enzymes in the absence of 
air had to be developed. Some four years 
later, workers at the Charles Kettering labora¬ 
tories, Yellow Springs, Ohio, obtained 
oxygen-tolerant preparations from the aero¬ 
bic bacteria Azotobacter and today active 
extracts have been obtained from most of 
the microbes listed in Table T. An interesting 
and unexpected point is that the oxygen-to¬ 
lerant preparations from Azotobacter con¬ 
sisted of tiny sub-cellular particles and 
these, when broken up in their turn, yielded 
water-soluble preparations quite as oxygen- 
sensitive as the Clostridium extracts. It 
seems that the enzyme is normally intolerant 
of oxygen, but that air-brealhmg miciobes 
have developed a way of protecting it front 
oxygen by “wrapping it up” as a particle. 
The N 2 fixing enzyme, called “nilrogenase”, 
has been concentrated and largely purified 
from four or five microbes and always con¬ 
sists of two proteins. One is large (mole¬ 
cular weight about 180,000) and contains 
the metals molybdenum (Mo) andiron (Fe,) 
the other is smaller (m w about 40,000) and 
consists of iron and nothing else. The second 
is the one which is easily damaged by oxygen; 
the first IS generally tougher Proteins from 
different microbes will cross react to some 
degree. For example, the Mo-Fe protein 
of Kle bsiella will fix Ng if mixed, with the Fe 
protein of Azotobacter. But the two pro¬ 
teins of mtrogenase, whether from the same 
or different microbes, always require a supply 
of ATP to work. ATP is biochemists, short¬ 
hand for adenosine triphosphate, the bio¬ 
logical “quantum” of energy; enzyme pre¬ 
parations consume as much as 15 molecules 
of ATP to reduce one Ng molecule to two 
NH3 molecules This is an awful waste of 


eneigy by biological standards (and seems 
thermo dynamically unnecessary anyway) 
and when we undei stand why it happens we 
shall know a lot more about Ng fixation than 
we do now 

A very important property of mtrogenase 
preparations is their ability to reduce things 
othei than Nt N 2 has the tnply-bonded 
structure shown in Figure 2, seveial other 
small molecules with triple bonds are listed 
theie and all are reduced (given some ATP) 
by mtrogenase except for carbon monoxide, 
which inhibits the enzyme most effectively. 
While 1 educing them, nitrogenase evolves 
hydrogen (Ho) from water, which means 
that, during the reaction, a reducing agent is 
being formed powerful enough to donate 
electrons to the H-|-ion. H 2 evolution is not 
prevented by carbon monoxide, which sug¬ 
gests that nitrogenase has at least two active 
centres, one where triply-bonded com¬ 
pounds stick and which can be blocked by 
carbonmonoxide and another where a power¬ 
ful rediictant is formed which is immune to 
carbon monoxide. Other explanations are, 
of course, possible, but this seems the sim¬ 
plest at present. 

The reduction of acetylene, discovered 
simultaneously by workers in Wisconsin, 
USA and Perth, Australia, is of great practi¬ 
cal value in research because its product, 
ethylene, can be detected in minute amounts 
by gas chromotography Acetylene reduc¬ 
tion has suddenly provided workers in this 
field with a powerful tool for detecting mtro¬ 
genase and some unexpected results are 
emerging. Microbes earlier believed to fix 
N^, including yeasts and other fungi as well 
as bacterial of the genera pseudomonas and 
Azotoraonas, have proved not to be fixers 
at all—they are just scavengers of traces of 
fixed nitrogen in air or laboratory reagents. 
On the positive side extracts of legume 
nodules have been prepared which reduce 
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acetylene and which fix 15 No (the heavy 
isotope of No) by workers in Australia and 
in Oregon, USA, and the nitrogenase from 
such systems has been shown to have two 
components like those from the IVec-Uving 
bacteria Nitrogen fixation by the blue- 
green which have a special problem because 
they evolve oxygen during photosynthesis, 
has been shown to take place in special cells, 
large highly reducing, apparently empty 
bodies called heterocysts. The bacterium 
Klebsiell has been shown to be much more 
important as a fixer than was once thought, 
it is abundant in the rhizonsphere around 
plant roots and may well use plant exudates 
for Ng fixation and so help plant growth. 
Australian workers have found Klebsiella 
actually possessing nitrogenase (by the ace¬ 
tylene test) in the intestines of man and 
guinea pigs. British workers have detec¬ 
ted acetylene-reducing bacteria (and hence 
presumptive N fixers) in the ntmen of sheep 
and I have shown the reaction in pute cul¬ 
tures of certain iiimen bacteria. A sort of 
symbiosis between microbes and animals, 
comparable to that known for decades in 
plants, is now a serious possibility. 

Acetylene reduction has proved a power¬ 
ful experimental tool, but on theoretical 
grounds some of the other reductions in 
Figure 2 are more interesting. Cyanide 
reduction discovered by the Dupont group, 
and particularly the reduction of methyl 
isocyanide discovered in my laboratory, give 

Niirooen N —*2 NHyammoma 

Acoivl«n« HC-aCH—*KjC>-CH|Olhylflno 

Azidalorti |N*-N ■sN)'—-*Ni+NHjnilrDBgni-iJnimonia 

Cyonldaloni (CijN) ►CH,+NHameihfln«+flmmonlQ 

Molhyl koeyanid® CH|~N maihylaimno moihano 

( + Boine CjH^ ethylono. CrC]H^ nlhane). 
Hydroguolons H*—+H*hydroaon 

Carbon menexldo lanotraducc'd .inhib ra 

Fig. 2 Nitrogenase reduces many small molecules con¬ 
taining triple bonds. A notable exception is CO, which 
inhibits oil the reactions involving triple bonds (presu¬ 
mably by blocking part of the enzyme') but not the 
reduction of H-\-ions 


rather peculiar products Nitrogenase reduces 
methyl isocyonide (CH3NC) to methane 
(CH4) plus small amounts of products 
Ordinary chemical reduction of methyl iso- 
cynide would yield dunethylamine (CH3NH. 
CUji) and this is the interesting point if 
an isocyanide is first tied down in a metal 
complex, as in the platinum derivative Pt CI 2 
(CflHsNC)., (which is made from phenyl 
isocyamide) and then reduced, one gets the 
“biological" products: CH^ and some 
Cj gases. This sort of work suggests 
strongly that the metals in the protein compo¬ 
nents of nitrogenase are actually part of the 
active site on the molecule of enzyrne. But 
how could tiansition metals react with N 2 ? 
A partial answer to this question has appear¬ 
ed over the last two or three years from an 
entirely different area of science: the study 
of inorganic metal complexes. 

In 1966 the first translation metal com¬ 
plex was made, actually by accident which 
contains N bound to the metal. It was the 
ruthenium ion in Figure 3, called “Allen’s 
compound” after its discoverer, Dr A.D. 
Allen of Toronto University. Shortly after¬ 
wards comparable complexes of osmium 
and iridium (both heavy metals like plati¬ 
num) were discovered, but all were formed 
indirectly (from hydrazine or azode com¬ 
plexes). The first to be made directly, from 
Ng gas was discovered in Japan and is the 
complex cobalt hydride in Figure 3 In all 
of these complexes the Ng molecule retains 
its triple bond, one could write the general 
formula for them so‘ LuM^NssN 
—^where M is a transition metal, L signifies 
ligands, which may or may not be the same, 
and n lies between 4 and 6. This year (1969) 
has been a positive deluge of such Ng com¬ 
plexes and my chemical colleagues at Sussex 
University have contributed some of them. 
Binuclear complexes have also appeared of 
the form. 
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L„Mf-NsN->ML„ 

—in whicli the “W’s may not be the same. 
Figure 3 includes an example. Complexes 
of this kind, may well be models for the way 
in which N is tied down by nitrogenase, 
but how IS it reduced? ft is a chastening 
thought that none of the 20 or so well- 
characterized metal N —complexes now 
known has been successfully reduced to give 
ammonia. Reducing agents either have no 
effect or they displace the N group as N 
gas. 

Thus the chemical model, at present 
seems to break down at a crucial stage; we 
can show how nitrogenase could bind N but 
we cannot explain its reduction to ammonia. 
But m purely chemical terms the way ahead 
seems fairly clear: the N=N triple bond 
has a characteristic absorption of infra-red 
light at 2331 cm~^. In new complexes 
this stretching “frequency”, as it is called, is 
altered. By making series of such com¬ 
plexes this stretching “frequency”, as it is 
called is altered. By making senes of such 
complexes one can find examples with longer 
and longer stretching frequencies, down to 
about 1800 or 1700 cm~^. In such com¬ 
plexes the (——)+-NsN-» group is 
getting more like an azo-group (=N=N —), 
with only a double bond between the N 
atoms. A typical azo-compound is azoben¬ 
zene (CoH 6N=N—CflHs) with a stretching 
frequency 1550 a^^ . Azo-compounds are 
easily reduced chemically. 

So, in theory, we can now tell microbes 
how to fix Na- Tie it down as a complex 
of the form L„M-«-NsN, with the enzyme 
protein supplying the “L”. Bring another 
metal m on the other side, carefully chosen 
so that the final complex is as little like 
L„M—N = N—ML„ and as much like L„M—N 
= N—ML„ as possible. Divert some electrons 
from the microbe’s normal electron trans¬ 


port systeni into the complex so that the N 
atoms get negative charges, then let them 
pick up H-f-ions from water and the system 
is over the humpi-t-KsN-s-, having become 
—N=N—, goes to —NH—NH—, then to 
—NHi HaN—, theii-^-NHa HaN-^ Release 
the ammonia as free HlSfa and round we go 
again. 

Too easy? Quite so. But that is just 
one of several possible mechanisms one 
could suggest. Before we understand the 

HjN NH, 

/ 

(a) "Ailei^'s compound’ Ru 



(b) An iridium complex. 


Cl — 


I 



N s N 


P(C,H,l3 


(c) A cobalt comple*. 


(CjH,), P —► Co, 


!/ 


PlCjHslj 




(d| A binuclear complex 



Fff. 3 Some Ni completes of transition metals. 

The stereochemical structures are conjectural, but 
probable, except for the cobalt complex, where U has 
been confirmed by X-ray analysis. 


real one we have to answer many questions. 
Why is all that ATP used^ Why are two 
proteins needed ? How are water and oxygen, 
which would interfere drastically with the 
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early stages, kept out until needed? 

The iinpoitant thing is that, today, we 
can put forward hypotheses of this kind 
which have some degree of plausibility, when 
even a couple of years ago we could not. 
And meanwhile a new class of mctallo- 
enzymes has been discovered, techniques of 
anaerobic cnzyniology have been developed 
and a whole new class of inorganic N com¬ 
plexes has turned up A fruitful collabora¬ 
tion of chemists and biologists has revealed 
new as].iecls of inorganic cliemislry and 
enzymology which will have—indeed, aie 
already having—lepercussions far beyond 
the original field of nitiogcn fixation. 


Computer Simulntion and 
Biological System 

B. J. Hammond 

National riistitute of Medical Resea ich,U.K. 


rpHE collaboration between the brother 
Professors James and William Thomson, 
(who became Lord Kelvin), led to the first 
instance of computer simulation in 1876. 
Janies provided the elementary computer 
parts in the form of mechanical integorators 
whilst Kelvin showed how they could be 
interconitected to mechanise the solution of 
differential equations. This paiticular in¬ 
terest arose from the use of such equations 
to describe various physical situations; those 
mentioned by Kelvin in a companion paper 
to the Royal Society included vibrations m 



Lord Kelvin, from portrait in the National Pot trait 
Gallery, Lonefan. 

flexible solids, in water and in air, together 
with the conduction of heat along non-uni¬ 
form bars. In modern terminology, the 
physical situation, whether concerned with 
water waves or thermal conduction, would 
be referred to as the “system”, the differen¬ 
tial equations describing the situations would 
be termed the “mathematical model” and 
the computer conltguration for solving the 
equations would then be a “computer simula¬ 
tion” of that system. 

Although the means of computor simula¬ 
tion have evolved enormously m the present 
century, the stimulus for it remains essentially 
unaltered because, despite the ingenious 
efforts of mathematicians, the vast majority 
of equations describing real situations have 
no known analytic solutions. Any alter- 

Reproduced from SPECTRUM 68 1970 with kind 
permission. 
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native means of solution is therefoie wel¬ 
comed by those concerned with the quantita¬ 
tive description of systems, if tlie alternative 
means constitnle a piactical method of 
solving piaciical equations. 

The difference between the use of com¬ 
puters as simulators and as data processors 
has become confused as greater numbei of 
more refined machines are applied in an ever 
increasing range of disciplines, but discri¬ 
mination between the two types of use is clear 
if the type of infoimation input and output 
are contiasted m each case Data processing 
IS well named since the input information is 
data concerning items and such items may 
be as diverse as bank cheques, insurance 
statistics or milk yield records; the output 
information is a selected sorted or other¬ 
wise processed version of the input data. 
When the computer is used as a simulator, 
however, the information, given to the 
machine in mathematical form, is a set of 
statements about the mter-relationships bet¬ 
ween the elements of a system, the output 
of the computer is the solution of the equa¬ 
tions which represents information about the 
performance of the system. Such perfor¬ 
mance is determined entirely by the input 
statements about the internal relationships of 
the systems 

Engineers have been among the first to 
make use of computer simulation methods 
and as a result we have become familiar 
with the idea. It is also increasingly used in 
engineering design and it is in this that the 
engineer and pure scientist find themselves 
facing a common problem. Each is con¬ 
cerned to find a system whose parts Interact 
to give the performance needed. In one 
case the required performance is given in the 
project specification book and in the other 
It is to be found as experimental observations 
m the laboratory notebook. 

It IS only a question of time before the 


life sciences become exact sciences in the 
sense that they are founded upon demons¬ 
trable quantitative laws. In biology, the 
fundamental life science, evolution in this 
direction is well established and has reached 
a stage where modern biological research 
typically makes use of quantitative instru¬ 
ments and techniques borrowed from or at 
least largely originating from, the physical 
sciences. 

One of the techniques that is finding a 
place in biological research is computer 
simulation which irreverently considers all 
things as systems, whether the system ele¬ 
ments are atoms, molecules, bacteria, mice 
or men. Computer simulation is concerned 
simply with whether sufficient quantitative 
information is available to construct a tenta¬ 
tive mathematical model to explain a pheno¬ 
menon and then, by solving the mathematical 
equations, to check whether the performance 
of the model is indeed in accord with the 
obseivations. Much of the initiative in 
applying computer simulation to biological 
systems is being taken by errant engineers 
and physicists attempting to apply their 
technique into broader fields. On the other 
hand, there is a move on the part of indi¬ 
vidual biologists and their professional orga¬ 
nisations to devise schemes which embody 
the new attitudes arising from modern biology 
and these schemes commonly invoke the 
idea of an organisational hierarchy of bio¬ 
logical systems. In this situation, where 
the sort of thing expressed m figure 1 gives 
common ground, the computer simulation 
of biological systems, is a continually expan¬ 
ding subject. The hierarchy of figure 1 is 
of course by no means new, for traditionally 
it has been invoked to separate rather than 
link biology and physics, Now perhaps 
Its role IS reversed, not only in linking scienti¬ 
fic subjects but, possibly of more impor¬ 
tance, in bringing a greater variety of scienti- 
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fic workers urto personal coiuact. 

Increasing co-operation is producing a 
corresponding increase in the number and 
diversity of biological simulation studies to be 
lound in world literature Some of these 
studies are concerned specilically with medi¬ 
cal aspects of biological systems. Though 
this speciality is still in its infancy it already 
shows great promise. Not only is com¬ 
puter simulation augmenting medical research 
but it IS assi-sting in the diagnosis and prog¬ 
nosis of disease and may even eventually 
provide a means of improving therapeutic 
and. surgical procedures While these appli¬ 
cations are still largely speculative, progress 
is being made towards their fulftlment and 
examples of this work may be taken not only 
to illustrale medical application but also 
to show the more general simulation of bio¬ 
logical systems. Those given here are drawn 
from work carried out at the National Insti¬ 
tute for Medical Research (London) and 
are chosen for their simplicity, and hence 
clarity of illustration, rather than as examples 
of the complexity of biological systems. 



Figure 1, Hierarchy of natural systems; the asceitelaiicy 
of a given biological system places if in one or other 
of the relevant system classes The system must be 
composed of elements of lower ascendancy and these 
are frequently found to be eithei syccies of the main 
structural levels or their direct derivatives. 

Figure 1 shows that those systems which 
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are contmonly regarded as biological start 
at a lev'el of ascendancy wthin the class of 
molecular systems, that is, within the province 
of biochemistry. At this overlap of physical 
and biological systems, biochemists (start¬ 
ing with Britton Chance in 1940) have 
pioneered in the application of computer 
simulation to biological systems. The 
formulation of mathematical models of 
biochemical systems invariably brings m 
the ever-expanding laws of biochemical 
kinetics. Fot example, first order kinetics 
have been applied to the system of Figure 
2 to produce a computer simulation of the 
behaviour of the substance aminobutyric 
acid (GABA) which is found exclusively m 
brain tissue and is almost certainly one of a 
group of substances that effect the transfer 
of electrical pulses between individual neuro¬ 
nes of the brain. Numerical adjustment of 
the simulation has allowed the solution of 
the solution model to fit closely with 
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Fig. 2 Example of “molecular'’ system; the substance 
GABA IS released by slices of brain tissue by addition 
of K-\-ions to I he .surrounding medium at time zero 
Computer simulation of the syslem at left gives conju¬ 
gate solutions shown.s by continuous line and are in 
good agreement with the circles lepresenhng experi- 
meiilal data 

experimental data coming from the work 
of Dr Robert Balazs of the Neuropsych- 
tric Research Unit Survey Use of this and 
similar models has meant the evaluation of 
such crucial factors as the rate of GABA 
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formalioa under different bioehcniical condi¬ 
tions. 

Work on the substance GABA has already 
led to con.sidcratiou of its organisation as a 
system of higher ascendancy, that is, as a 
subeellular .system The reverse is true of 
another •substance, di hydro streptomycin or 
DHS, whose lethal effect on bacteria has long 
been recognised at the cellular level. Re¬ 
search is leading to resolution of DHS effects 
as a system of lower ascendancy and it is 
now generally accepted that at the subeellular 
level DHS irreversibly blocks the operation 
of the bacterial ribosomes which manu¬ 
facture the cell's essential proteins. However, 
the work of Margot Kogut, now at King’s 
College, University of London, has indicated 
that DHS IS also bound, this time reversibly, 
to some other subeellular component. 
Mathematical models have been evolved 
using a computer to represent various systems 
that could, be involved, in the distribution of 
DHS between ribosomes and the unknown 
subeellular component X. Since the number 
of free ribosomes at any time d.etermuies, 
through protein manufacture, the growth 
rate of the bacterial population at any time, 
measured growth rate provides a means by 
which the computer simulation may be 
assessed. It appears that the component X 
intervenes between DHS and the ribosomes, 
rather than acting as an alternative destina¬ 
tion for DHS and this in turn could imply 
that component X may be associated with 
the intracellular face of the bacterial mem¬ 
brane itself. 

Just as computer simulations may represent 
the interactions of subeellular components, 
30 simulations may be made representing 
the interactions of the organs that together 
constitute the higher organisms. An example 
of this is found in considering infections 
of the urinary system where the organs 
primarily concerned are the kidneys, leading 


via their ureters into the bladder As 
indicated m Figure 3, there may be residua! 
iiivection sites in the upper system but even 
in their absence the bladder may become 
infected with a growing cultuie of bacteria. 
The figure also indicates the two basic means 
of treating this condition, namely, the main¬ 
tenance of the patient on a high water intake 
and the admimstration of antibiotics. In 



Fig 3, Example of‘‘otgaa’’ system ; the characteris¬ 
tic Sigmoid growth curve of bacteita is modified m the 
human bladder both by the at rival of ftesh m ine from 
the kidneys and by the reduction of ctihure volume at 
tunes of urination Computei simulations of the system 
piovides a solution ill good agiCemeiit with clinical 
data {open cncles) obtained for a parfictdai patient at 
limes of urination 

building a mathematical model to relate the 
factors effecting the size of the bacterial 
population at any time, the basic concept is 
of a culture growing towards a known limiting 
concentration but opposed -by continual 
dilution due to the addition of fresh culture 
medium passed from the kidneys. The system 
if further perturbed at times of urination when 
the volume of urine is reduced, at constant 
bacterial concentration, to a relatively small 
residual volume In collaboration with 
Professor Francis I Grady of the University 
of London a computer simulation of such 
a system is being developed and its per¬ 
formance compared against clinical data 
giving the type of result shown m Figure 3. 
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Tlie use of computer simulation has already 
led to fuller imderslaiiding of the infection 
kinetics observed m certain patients and could 
eventually lead to improved treatment of 
urinary bladder infections. 

Even With a relatively simple organ system, 
such as this, the point is soon reached where 
no data is available against which to check 
the solutions of the mathematical model. 
With the qiiantiiication of biology the 
situation is slowly improving but the paucity 
of data is even more acute at the higher 
levels of organisation where biology merges 
with sociology. As at other system levels, 
it IS still possible to compare the general 
performance features of mathematical model 
and real system but such procedures arc 
notorious for their fallibility. However, 
recently a unique (at least in the author’s 
experience) situation has arisen where a 
human system at the multi-organism level 
may be simulated and qualitatively compared 
with data on a realistic basis. Successive 
Medical Officers on the Island of Trisian da 
Cunha have collected, among other data, 
almost complete records of several common 


cold epidemics occurring on the island 
Taking into account the suspected source 
of infection, the communicability and other 
general features of the common cold, a 
model is being evolved in collaboration with 
Dr. D.A.J. Tyrrell of the Common Cold 
Research Unit which already shows the 
sort of agreement with held data. The 
rate and pattern with which infection 
spreads through the community is 
obviously dependent upon the social habits 
of the islanders and the studies so far 
show that, with the common cold, the com- 
inimily may be treated as a socially homo¬ 
geneous group, that is, as a single social 
set m the sense of Figure 1. 

Perhaps the present philosophy and the 
future promise of computer simulation may 
be discerned is the simple finding that the 
law which expresses the likelihood of mole¬ 
cule A approaching molecule B, and which 
is the basis of chemical kinetics, also seems 
to express satisfactorily the characteristic 
social intercourse of Tanstaii islanders and 
the form of their consequent common cold 
epidemics. 




New X~ Ray Assay for Mineral 

Processing 

D ECENT developments in instaneous 
*■ radioisotope X-ray assay techniques by 
the Australian Atomic Energy Commission 
are expected to have a considerable impact 
both in Australia and other countries. They 
are already in use in mineral processing 
plants at Broken Hill, New South Wales, 
and could lead to the introduction of auto¬ 
matic control based on on-streara analysis 
in many industrial processes. 

In some industries automation is only 
possible if materials in the various process 
streams in the plant can be analysed conti¬ 
nuously in sufficient time for automatic 


feed-back to the master control. Traditional 
wet chemical methods of analysis are slow 
and the results are often not available until 
the day after sampling. Some years ago 
intiodiiction of the X-ray spectograph re¬ 
duced the delay to about 30 minutes but this 
is still too slow to allow corrective action to 
be taken m many mining and industrial 
processes 

The radioisotope X-ray on-stream analy¬ 
sers installed at Broken Hill are the first m 
routine used m the world for the continuous 
analysis of slurries in mineral processing 
plants. The first equipment was installed on 
the floatation feedlme at the North Broken 
Hill Ltd. lead-zinc plant m May 1968. 

The Zinc Corporation has since installed 
a unit to determine the percentage of lead in 
sluiry solids in a byline sample steam from 
their main floatation feed at its Broken Hill 
mill. The corporation hopes to extend 
radioisotope X-ray techniques to the conti¬ 
nuous assay of lead and zinc m slurries of 
concern!ates floatation feed and tailings. It 
will also test techniques of determination of 
lead content of partly crushed are moving 
on a conveyor belt. 

The Atomic Energy Commission reports 
that the radiosotope- X-ray techniques also 
look promising for determining tin and copper 
m floatation feed and concentrates The 
commission and the Australian Mineral 
Industries Research Association are jointly 
sponsoring research on the application of the 
method to the on-stream analysis of tm. 
Successful tests have been carried out at 
the Ardlethan Tin Plant in south-western 
New South Wales 

The first industrial use of the technique was 
at Port Kembla, New South Wales, where the 
Australian Iron and Steel Company is using 
it to measure the thickness of tin coating 
on steel. It is wasteful to apply more 
than the optimum coating in making tiiip- 
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late. The isotope method can detect changes 
as small as one tenth of a miliionlh of an 
inch in the thickness of the coating and so 
allow effecttve, economical quality control. 

The principle of X-ray analysis is well 
understood. Atoms of each element present 
in a sample ontit light of a characteristic 
wa-yelength when hit by X-rays. A measure 
of the quantity of each element present is 
obtained by measuring the ensilies of the 
various wavelengths emerging from the 
sample. 

Normal X-ray generators are expensive 
and bulky The Australian Atomic Energy 
Commission’s Isotope Division led by Dr. 
J.S. Walt, sought radioisotopes that pro¬ 
duced X-rays of the type (wave length) 
suitable for such a method of analysis. 
Success was achieved by developing secondary 
X-ray sources activated by isotopes. The 
output of each secondary source is confined 
to a particular X-ray wavelength, and the 
source js chosen to suit the particular in¬ 
dustrial application. 

The compactness and cheapness of the 
X-ray generating units allows them to be 
placed at many sample points throughout a 
plant, thus eliminating the need for long 
sample pipelines. Information from these 
strategically located sensor heads can be 
transmitted eleotronically to a small computer 
in a control room and so provide a basis for 
automatic regulation of the whole process. 

Totential benefits of the new X-ray techni¬ 
ques include savings of manpower, improved 
product quality, and economy in plant 
operation . The Australian Atomic Energy 
Commission has also made noteworthy 
progress in the application of isotope 
techniques to the measurement of gas flow 
rates and the tracing of movements of silt 
in harbours and rivers. 

The Australian raven is now recognised 
as two species —Gorvus coronoides (large 


raven) and C. mellori). The difference was 
discovered when a pair of birds failed to 
react to a decoy call which had previously 
attracted apparently similar birds. Sub¬ 
sequent analysis of the territorial calls of 
these birds showed that the little raven utters 
twice as many ‘caws' per unit of time as the 
large raven but lacks the prolonged ending 
of the latter's call. Recognition of the two 
species has led to much more detailed study 
and findings of consistent difference in 
plumage, beak—shape, dietary preferences 
and behaviour. 

Another bird, the so-called frackled duck, 
has been reclassified. It is now known to 
be a primitive survivor of the ancestor to the 
entire anserine group (swans and geese), 
As such it is of particular taxonomic im¬ 
portance. Unfortunately, the species is 
becoming rather rare m Australia. 

Physiological studies on the female red 
kangaroo {Megaleia rufus) have disclosed 
Its ability to produce mild of two quite 
different compositions from two mammary 
glands at the same time. This happens when 
a new young is born while the mother is still 
nursing a large young that has left the pouch. 
The composition of the milk is constantly 
adjusted to suit the needs of the growing 
animal and each has its own test 

Yet another odd feature of kangaroos is 
that after fertilisation the embryo may 
stop developing after a few days and remain 
in a dormant condition for as long as five 
months in the case of the quokka (Setomx 
brachyrus) and up to 11 months m the tammer 
wallaby—truly an instance of suspended 
animation. 

The tammer wallaby’s performance ex¬ 
ceeds the longest domancy observed in any 
other mammal. This species is also pheno¬ 
menal because it can drink sea water and 
maintain weight while eating dry food. The 
only other mammals capable of this are a 
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few species of very small rodents weighing 
only about onc-Iuindredth of the weight of 
a tammar wallaby. 

By Courtesy: Australian Information 

Service 


Fuel-Cell Battery Support 

Life in Underser House 

\ British-made fuel-cell battery has enabled 
divers to live for up to six days in an 
undersea house with no “umbilical cord” 
to the surface. 

The House, rigid steel-frame structure 
covered by a flexible skin, has been sub¬ 
merged for several weeks off Malta while a 
team of scientists from two London colleges 
carried out experiments The house was 
used by relays of divers. 

The novelty of the structure lies m the 
fact that there are no air or power lines to the 
surface. Instead, there is a life-support 
module powered by a fuel cell battery designed 
and manufactured by Electric Power Storage 
Ltd., of Manchester. The cell powers the 
air-circulating motor, provides lighting and 
operates various instruments. 

The battery manufacturers said yesterday 
that experienced divers could live in the 
house for six-day periods and carry out salv¬ 
age work, exploration and scientific tests with 
a minimum of contact with supporting 
services on the surface. 

By Courtesy. British Information Services 

British Device to help in Study 

of Sun’s Atmosphere 

T TLTRA-VIOLET (HV) radiation from 
'^the sun will be analysed by a British 


device fitted in the robital solar observatory 
which was launched at the week-end from 
Cape Kennedy, (J.S.A. 

The instrument should yield information 
of fundamental scientific interest and expand 
knowledge of the piocesses that take place 
in stars. 

More knowledge could also help in possible 
future processes for producting—such as 
fusion—on earth. 

The device is an ultra-violet spectrometer 
designed by Dr BE. Woodgate of London 
University’s Milliard Space Science Labora¬ 
tory 

The ultra-violet light is broken up into 
a spectrum, and eight spectral lines spread 
across most of the UV range of wavelengths 
have been elected for study to provide 
infoimation on the sun’s atmosphere. 

By Courtesy: British Information Services 

Discovery of Sub-Atomic 
Particles 

T he University of Sydney has announced 
the discovery of the existence of frac¬ 
tionally charge sub-atomic particles 
The Head of the university’s School of 
Physics, Professor Harry Messel, said further 
experimentation might relate the fractionally 
charged particles to what had been predicted 
to be the basic particle of all matter, the 
“quark”. 

The photographing of five sub-atomic 
tracks was announced at an international 
conference on cosmic rays in Budapest, 
Hungary, by he Head of the Falkinei Nuclear 
Department of the School of Physics in the 
Uniersity of Sydney, Professor C.B.A. 
McCusker. 

Simultaneously in Australia, Professor 
Messel issued a statement Which said evidence 
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pointing to the existence of fractionally 
charged stibatomic particles had been dis¬ 
covered, 

The discoveiy could rank with the greatest 
scieiitihc discoveries, Professor Messel said. 
Futher experimentation would be carried out 
to substantiate the findings 

“The particles discovered by Profressor 
McCusker and his team have a charge of two- 
thirds of that of an electron”, Professor 
Messel said. 

“No one has yet discovered the missing- 
ling particle with the predicted charge of 
one-third. 

“For us, conclusive progress foi the exist¬ 
ence of these particles would be to find a track 
for particles with a charge of one-third that 
of an electron. 

“We are building new equipment that 
should enable us to discover the one-third 
particles if they exist.” 

J3)’ Courtesy : Australian Information Service 


Giant Telescope for Southern 

Skies : 

need of a large optical telescope to 
study the skies of the southern hemisphere 
are to provide “eyes” for the Parkes radio 
“dish” has been evident for many years. 
After protracted negotiations the Australian 
and Brisith governments have agieed to 
build and operate jointly a 150-inch optical 
telescope at the National University’s astro¬ 
nomical field station near Coonabarabran, 
New South Wales. It will rank second in 
size to the 200-inch Mount Palomar giant 
in California. 

The project, which is estimated to cost 
over $ 10,000,000 is scheduled for com¬ 
pletion in 1973. The telescope will be of 


conventional design and very similar to a 
unit now under constiuction at the kitt Peak 
Observatoiy in Arizona, United States. 

The existing 64-inch telescope at Mount 
Stromlo near Canberra does not fully meet 
the needs of Australian radio-astronomers, 
who have to call on the big optical telescopes 
m the U.S. to complement their observations. 
Compared to the northern hemisphere, the 
southern sky is relatively unexplored and 
woild astronomers are eagerly awaiting in 
formation that can only be obtained from a 
telescope of the size now planned. 

New Quasar Way Out 

The most distant qiiasai yet dicovered has 
been found by Australia’s 210-foot radio 
telescope at Parkes, New South Wales, believ¬ 
ed to be the brightest and most distant yet 
observed in the universe, quasar 0237223, 
as it is known is estimated to be 13,000 million 
light years away from the earth. 

Astronomers are excited because spectro- 
graphic analysis has shown that the new 
project contains heavy metals such as 
chromium, nickel, cobalt, and iron which 
have not previously been identified in these 
mysterious bodies. Further studies may 
provide clues to the nature of quasars and 
throw important light on the origin of the 
universe. 

The optical identification and analysis 
were done at the Palomar and Linck Ob- 
seivatorics in California. A joint announce¬ 
ment of the discovery was made from the 
California Institute of Technology by Dr. 
J G. Bolton, Director of the Parkes Ob¬ 
servatory, and cooperating American 
Scientists. 

The Parkes radio-telescope found the first 
quasar. That was in 1962 Since then more 
than two hundred of these strange, far- 
distant objects have been found by radio¬ 
astronomers in Australia and elsewhere. 
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Dwarfism Corrected by Hormone 

Five of eight Australian dwarfs have 
responded well to treatment with human 
growth hormone. The subjects chosen, for 
treatment ranged in age from about 13^ to 
24| years. Two of the patients were female, 
but none of either sex had attained puberty. A 
fourteen year old girl who grew at a rate of 
a centuneter a month manifested the greatest 
response to the treatment. She, like most 
of her fellows, grew relatively rapidly at 
first but after a few months her growth slowed 
to a much lower rale. In some of the others 
it stopped altogether. However, when the 
doze of HGH was doubled to 5 milligrams 
three tunes a week growth resumed at a 
satisfactory rate m all but one of the dwarfs 

Only one of the eight completely failed to 
respond to the treatment. Two others added 
only 2.5 cm. to their height m a year as a 
result of the HGH. One of the remaining 
five has been on the course for three years 
and has maintained uniform growth rate 
of 4 to 5 cm per year throughout this period. 
Another two have been on HGH for two 
years. One of this pair has put almost cm 
to this height m his time and the other has 
added 8.5 cm. 

So far no complications for the treatment 
have been observed. A question now con¬ 
cerning the physicians is when to withhold 
the HGH. 

As long as the patients stay on it they will 
not begin to mature sexually. Attention has 
also had to be given to the psycholocial pro¬ 
blems that have arisen as a result of the 
successful treatment. For example, the 
patients have had to be encouraged to start 
living more normal lives than they had been 
accustomed to lead 

Though HGH has been used before in a 
few recent instances with some success, the 
Melbourne trials are particularly impressive. 


Not only weie high growth rates attained 
but, more importantly, theie was a high 
response rate to the treatment among the 
dwarfs chosen. HGH being a truly precious 
substance it still has to be isolated from 
human pituitary gland—should only be pre¬ 
scribed when it will most probably produce 
effective results. The Melbourne work has 
helped to clarify the ciiteria on which to 
select those pituitary dwarfs who will benefit 
from HGH. These include pre-piibescene, 
a growth rate of less than 5 cm per year, 
pituitary surgery before puberty, and when 
no other cause for dwarfism can be found. 

By courtesy. Science News letter Austra¬ 
lian High Conwnssion, New Delhi 


Natural Environment Research 
CounciVs First Report 

T he earth, the seas, the atmosphere, 
inland waters and the living things in all 
of them—these make up the range of sub¬ 
jects covered in the first report of the Natural 
Environment Research Council (NERC), 
just published in London. 

The Council was set up in 1965 to plan and 
carry out research m all the sciences that 
relate to man’s natural surroundings. 

The report briefly surveys the kind of areas 
m which it will organize work. For example, 
it says that the mineral resources of the .sea 
and sea-hed are largely unknown and untap¬ 
ped. Yet It may be feasible to extract such 
elements as uranium, silver and gold from 
sea-water and dredge up solid lumps of man¬ 
ganese from the sea floor. 

Urgent Problems 

The countryside is vulnerable to pressures 
from agriculture, industry and cities. Yet 
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little understanding exists of how to use it, 
preserve it and enjoy it 

Such problems must be tackled by scientists 
in many disciplines working together, says 
the report, And they arc practical, urgent 
problems 

Giving an example, the report says that 
during the 1920s parts of the North Atlantic 
Ocean rose in temperature. The result on 
Greenland cod was an increase of catch to 
around 400,000 tons a year. But theic is now 
some evidence that the tempeiatiire is falling 
again. If this is true, says the report, it is 
important “to know as soon as possbile the 
probable consequences, both in the sea and 
on the land”. 

In the 10 months since it began work— 
the period covered by the report—the 
NERC’s mam cffoi I has gone into setting up 
comnaittees to advise it. New committees 
established by it are concerned with geology 
and geophysics, oceanography and fisheries, 
hydrology and foiestry and woodland 
research. 

Central Task 

The central task of the NERC and its 
committees has been to make the best use 
of resources and scientific manpower. 

It has already bought a steam trawler and 
is fitting her out as a new oceanographical 
ship. It is re-equipping other vessels and 
laboratories in the same field and supporting 
with all means available to it the artificial 
rearing and cultivation of fish and shellfish. 

Plans have been made for an increase of 
geological survey work, essential to help in 
the development of other countries, and foi 
the improvement of techniques for probing 
the structure of the earth at greater depths 

Hydrological work includes a study of the 
Indus basin and the building of cheap, 
automatic weather stations. 

The -Council is to set up a geochemical 


centre in London which it claims will be the 
biggest in Europe. 

The report says that the NERC will take 
over responsibility for the British Antarctic 
survey from April 1 

Roy Herbert 

By Courtesy. British Information Services. 

New Evidence for Extra- 
Terrestrial Life 

COME years ago two American scientists 
^ found what appeared to be fossit remains 
of life in meteorites. In their opinion these 
traces of life could not be due to contamina¬ 
tion after the meteorites had arrived on 
Earth, because they were unlike any terrestrial 
life forms, although other experts did not 
accept this conclusion. 

Now, two more scientists, this lime in the 
United Kingdom, working in the chemistry 
department of Bradford University, have 
reported evidence of a different kind. They 
claim that their evidence being based on 
chemical analysis rather than visual observa¬ 
tion of what look like fossils is perhaps more 
objective than the American work. Dr. 
Gordon Shaw and Mr. James Brooks have 
examined portions of two meteorites chemi¬ 
cally and have found substantial traces of a 
complex chemical compound bedded deep 
within the meteorites. The compound- 
sporopollenin—is insoluble, so it is hard to 
see how it could have got in the meteorites 
especially in the quantities (up to 4 per cent) 
found by contamination. 

Reaction to the findings has been cautious 
and some other chemists may dispute the 
provisional identification of the compound 
as sporopollemn. But while the scientists 
themselves emphasise that these are early 
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findings, they still regard them as poweiful 
evidence for extra-terrestrial life. 

One reason why it is surprising is that 
the most likely origin of these meteorites is 
the asteroid belt, a ring of inegular-shaped 
chunks of rock which orbit the Sun between 
Mars and Jupiter and which may represent 
a fragmented planet. These rocks could not 
be large enough to hold an atmosphere and 
are unlikely places for lifeto evolve, although 
it has been suggested that their interiors 
could he warmed up by radio-active elements. 
The findings add new interest to the search 
for traces of life on the Moon itself, because 
though unlikely theory is that the meteo¬ 
rites may have been thrown out from the 
Moon during some active phase. Another 
possibility is that the material from which the 
mateorites are made may have been thrown 
out from the Earth many millions of years 


ago, in which case fossils on meteorites would 
not be extra-terrestrial. 

Dr Shaw, however, has gone on m an 
article in Nature, to speculate on the possi¬ 
bility that the opposite may be true, and that 
life may not have evolved on Earth from 
inorganic compounds but may have been 
seeded here from the meteorites. In support 
of his speculation he points out thatthere is a 
surprising absence of the complex organic 
compounds which would have formed the 
first phase m the emergence of life in ancient 
rocks of the Earth corresponding to the time 
when life should have come into being. 
Altogether, although all these Ideas are specu¬ 
lative, there is enough hard evidence here 
to re-awaken interest about life’s origins on 
Eaith. 

John Newell 
From Spectrum, 67, 1969. 
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Secondary School Science 
Teaching Project 

r\R. M.F. KOLPAKOV, expert m Physics 
and Mr. G.A. Letourneau, Aiidio-Visnal 
Expett joined m November, 1969. Work is 
progressing on the wrutng of text materials 
for class IX in physics, chemistry, biology 
and mathcinattcs. Thirteen titles of text¬ 
books for classes VI and VII have been 
revised for a reprint issue. Class VI text¬ 
book in physics has been completely revised 
and a new Teachers’ Guide has been 
developed as a compamon volume. 

Meeting of the teachers of the experimental 
schools was held from October 14 to 27 
and November 2nd to 3rd 1969. Each 
subject group met twice for the morning and 


aftcinoon sluft schools lespectively and dis¬ 
cussed the materials iclevant to the subject 
that IS being taught and also the future 
programmes 

Uncsco-Unicef Project 

Under this project the dialogue between 
The Central Ministry Team and the State 
Departments of Education has continued, 
the following states were covered during this 
quarter 

1. Punjab 4. Rajasthan 

2. Haryana 5. Bihar 

3. Himachal 6 Uttar Pradesh 

Pradesh 

Mr. N.K Sanyal and Mr. A.W. Torrie, 
Unesco/Unicef Consultant along with the 
representatives of the Ministiy and Planning 
Commission held discussions with the res¬ 
pective Education Secretaries and Directors 
of Education. All these states have agreed 
to initiate this pilot project in 30 primary 
and 30-50 middle schools from the coming 
school year The relevant instructional 
materials have been sent to the states and it 
has been decided that the nceej is to 
supply equipment and kits foi the experi¬ 
mental schools when the programme starts.. 

STUDY GROUPS 

Mathematics Study Groups 

The Mathematics Study Groujos held an 
Editorial Board meeting at Jaipur in thd 
3rd and 4th week of October and another 
meeting of the Directors of Study Groups 
at Calcutta dining the last week of Decem¬ 
ber, 1969. During this period, the draft for 
Algebra Text for class VI was finalised and 
that for class VII was discussed chapter by 
chapter. Geometry Text for class V has 
been printed and those for classes Vi and 
VII are under print. The Teachers’ Guide 
for Geometry for class V has also been 
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pniiled and those for classes VI and VII are 
under print 

Physics Study Groups 

A meeting of the Diiectors of Physics 
Study Groups was held on 26th December, 
1969. Physics Text for class VI has been 
finalised during this period. Demonstration 
and Expciimcnts Kit for class V was also 
completed and is ready for being duplicated. 

Chemistry Study Groups 
A meeting of the Directors of Chemistry 
Study Groups was held from 23rd October 
to 3id November, 1969, at Hyderabad. 
During the period under review, Laboratory 
Manual and the students Text for class IX 
was discussed and the revised drafts were 
prepaied in the light of discussions at the 
Directors’ meeting. 

Biology Study Groups 
A meeting of the Directors of Biology Study 
Groups was held from 17th to 23rd November, 
1969. The first draft for Book IV, V and 
VI (classes VIII, IX and X) was prepared 
duiing the period under review and discussed 
at the Directors’ meeting Suggestions were 
offered for revision and preparation of a 
final draft. 

NATIONAL SCIENCE TALENTS SEARCH 
SCHEME 

During this quarter the Science Aptitude 
Test and Essay for 1970 examination papers 
were got translated and printed into regional 
languages through the Associated Centres 
in different states. Arrangements were 
finalized for the examination which is to be 
held on January 4, 1970. 

UNESCO FELLOWSHIP 
-Dr M.C. Pant, Head of the Department 
of Science Education proceeded to USSR on 
deputation for a period of two months under 


a Unesco Fellowship on October 25, 1969. 
After spending two months m USSR he 
proceeded to U.K. under the British Council 
Piogramme for studying the curriculum 
project in England, Wales and Scotland. 
He returned to India on December 17. 

Three other members of the Depaitment 
have proceeded to USSR on a similar Fellow¬ 
ship for a period of six months. They are 
Dr. B.D. Atreya, Shri R.C. Sharma, and 
Shri S.P Sharma. Shn Mohinder Singh, 
Fine Mechanic of the Central Science 
Workshop has also proceeded to USSR 
on deputation for specialised training under 
the Unesco Fellowship. 

Russian Language Teaching 

Arrangements were made for teaching 
Russian language through the courtesy of 
the Institute of Russian Studies. Miss Maria 
Cherevko continues to give Russian lessons 
twice a week from 9.00 to 10 00 A.M. 

PARTICIPATION IN NATIONAL AND 
INTERNATIONAL CONFERENCES 

1. International Union for Conservation of 
Nature and Natural Resources 

Mr. S. Doraiswami, from the Department 
of Science Education and Professor S.A. 
Balezin and Dr. V.M. Galushin, Unesco 
Experts, attended the Working Meeting of the 
International Union for Conservation of 
Nature and Natural Resources held at Forest 
Research Institute, Dehra Dun on November 
21 and 22nd, 1969. This was a meeting of 
the Education Commission of the lUCN. 
It discussed problems of Conservation of 
Nature in the school curricula in general 
and with regard to the environment. 
About ten foreign visitors also attended 
this meeting. Mr. S. Doraiswami read a 
paper on the “Problems of conservation of 
Nature m the curriculum of Indian Schools.” 
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Profes^o! vS.A. Balezin read a paper on 
‘Chemistry and Conseivation of Nature’. 
These two papers attracted lively discussions 
andlhe delegates were interested in the manner 
in whicli conservation of nature was taken 
care of in the teaching of sciences at the 
school level, 

The 10th Gcneial Assembly Meeting of 
the International Union for Conservation 
of Nature and Natmal Resources was held 
at Yigyan Bhawan, New Delhi from 
November 24 to December 1, 1969 The 
Conference was inaugurated by the Prime 
Minister Smt. Indira Gandhi, The Con¬ 
ference had discussions of its scveial sections 
on different days and the meeting of the 
Education Commission was fixed for Novem¬ 
ber 28, 1969. At this meeting as well as in 
the meeting at Dehra Doon the books pro¬ 
duced by the Department of Science Educa¬ 
tion on science subjects for middle schools 
and primary schools were displayed The 
delegates showed a very keen interest in 
these books. 

At a business meeting of the Education 
Committee Mr, S. Doraiswamt was elected 
as a member for India on the Education 
Committee of the lUCN Two other Indian 
scientists were also appointed on this Commit¬ 
tee. Dr. V.M. Galiishin was elected 
member to lepresent the unesco. 

2. Annual Conference of the All India 
Science Teachers Association 

The Department of Science Education was 
represented by Shri S. Doraiswami and Shn 
K.J. Kluirana at the Annual Conference of 
the A.l.S.T.A. held at Bangalore from 
December 25 to 27. On the 26th afternoon 
Shri S. Doraiswami read a paper on the 
“Projects for Improvement of Science 
Education undertaken by the nce'RT 
and the progress achieved so far m these 
projects”. He explained the steps that are 


being taken to project the materials to the 
Slates as a pilot programme at the first 
instance. So far over a dozen States have 
already decided lo use the ncert science 
materials at the primary and middle school 
stage on a trial basis. Shn K J. Khuraiia 
gave an idea of the package programme of 
the NCERT curricular materials, an integral 
pan of which was the science kit. He de¬ 
monstrated the utility and convenience of the 
Physics kit thiough which the entire physics 
programme of Class VI could be taught 
through experiment and demonstration 
The kit and the textbook in primaiy science 
developed by the ncert were also exhi¬ 
bited, The exhibits attracted the attention 
of both delegates and visitors and also the 
students of the locality. 

CENTRAL SCIENCE WORKSHOP 
Design of the pi'oLo-types of class VIH 
Secondary Science Teaching Project remained 



Shri V V Gin, Piesident of India, awaidwg this ' 
ceitificate of Merit to NCERT Staff in the ^ 
Children's International Fair Shri D.R Dua\ 
,s leceivins the same on behalf of the ' 

Science Workshop 
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in progress. A ray box bas been de.signed 
whicb will enable all the expernnenls on 
optics to be performed. 

Production of 300 Physics kits for class 
VII was completed according to the schedule, 

ProdiTction 750 Biology kits and 250 
Mathematics kits for class Vt was taken on 
hand and has progressed satisfactorily 
■ Production of 500 Physics kits for class VI 
has been undertaken. 

A kit guide for Physics kit for class VT 
has been finalised. It contains the names of 
the various parts, list of experiments and a 
pictorial view of the parts along with the 
part number. 

Under the charge of csw, ncert 


participated m the Children’s International 
Fair held on October/November, 1969. 
The stall was awarded a merit certificate. 

Collaboration with other Departments of the 

N.I.E. 

Members of the Depailmcnt participated 
in the workshops on textbook production 
organized by the Department of Textbooks 
in the month of Novcmbei. Shri S. Dorais- 
wami attended the Biology Workshop, 
Shri K.J. Khurana, Physics Woiksho]?, and 
Shn R.C. Saxena the Mathematics Text- 
hook Woikshop. 

Shn R.C. Saxena also took part m the 
workshop organized on “Population Educa- 



SJi/i VeclUatna of she Depaitmeiit of Science education, NCERT, expiaming the working of the ‘'Ratno's 
Rav Box” devised by him at the'Self Reliance' Pavilion of Gandhi Daishan 
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ijli 

linn" (iigani/cd by llic CciUial Buicau ol 
llcallh I diicdlinn oC Ihc Minisliy of Heallh, 
I'lnin I’ti’ididx'r I 1(1 d l%d lie also viMicd 
In |i llli' hill) nil "ClM li", ' 
pmduLLil l).\ lIk' liliib DiMsidi ol the Mini- 
liy nl Inloiniaiion and HioadcasUng 

Gaud hi Daishan 

Shu Ved Kama of this Dcpavtinent pul on 
displiiy hd invciilion "Ralna's Kay Box" 
al liie 'Sell Reliance', f’avilioii o(' fiandhi 
Ihii'ihaii Willi ilii. Ill Ip nl iliis ei[iiipmeiu 
any expeumciU in Optics can be dcinonstia- 
led to a elass m a ihice dimensional way 
diiiiiig day lime wiilioul darkening Ihc 
classuuim. The paths ol the beams of light 
ill tile experiment aie nude visible with the 
lielp of smoke 

fnipoilaiit Visitors to the Department 

Dining the last three months (he lollowing 
dislingtiished educationists Irom foreign 
coiintncs as well as from dinerent states ol 
India visited the Department of Science 
Education to study the science curriculum 
piograinmcs, the equipment and kits deve¬ 
loped and the Central Science Woikshop. 

I, Dr Philip Lange, T C C IJ , Columbia, 

2 'Mr Desmond P Wedbeig, Uiiivisity 
of Maryland 


3 Dr J, Damien Teston, Maibel College 
Philippines 

4 Professor Hiimiki of the National Scieik 
r mindation 

■s Miss J’asricha, Depuly Director, Piibli- 
Insti'iiUion Himachal Pradesh 

6 Prol J A. Campbell, tJnesco Region: 
Expert foi Science Teaching. 

7 Mr Richard Greenoiigh, Press Divisn' 
Bankok, Unesco 

iS Madam Dominique Pogei, liifoimatioi 
Ditectoialc, Unesco 

9. Mrs Muller Social Science Gioup 
Cooidinalor, USA 

10 Dr Isabel W Diddle, Los Angeles. 

11 Di Virgma Lewis, N Caiolina 

12 Di Schleshnick with Miss Hanna, U.S 
Aid, New Delhi 

13 Piol Moeller, Last Germany 

14 .lapancsc Youth Goodwill visit—leadc' 
Ml, Katsinchbiro Koiiisin 

15 Dr D K, Mathiir, Director, State fnstitiP 
of Education, Rajasthan. 

16 Piofcssors Kannr & Aztm of Afgainstan 

17. Mr Ga)wani, D.P.T., Sikkim 

18. Mr. P.S Kohh, DPI, Bihar. 

19 Field OlTicers of the Directorate ol 
Education, Delhi. 

20, Participants of Programmed Learmiig 
Workshop ^ 




